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Abstract 
 
Alcohol use during pregnancy is common and its consequences often result in a broad range of 
negative, lifelong developmental outcomes. This study describes the effects of prenatal alcohol 
exposure and interacting socio-demographic factors on early childhood development. One 
hundred and twenty one children from the Northern Cape, South Africa, were clinically 
examined using standard diagnostic procedures and assessed using the Griffiths Mental 
Development Scales (GMDS/ER) at 7-12 months (Time 1) and 5 years of age (Time 2). 
Participants were assigned to either: a Fetal Alcohol Syndrome (FAS/Partial Fetal Alcohol 
Syndrome (PFAS); a Prenatal Alcohol Exposed (PAE); or a Control group based on the 
diagnosis at 5 years. Mothers/caregivers were interviewed to ascertain socio-demographic 
information, including prenatal alcohol exposure. During infancy, the FAS/PFAS group showed 
significantly lower gross motor and language abilities, with delays in higher-order executive 
functioning becoming more apparent with age. No significant differences were noted during 
infancy between the PAE and Control groups over any developmental subscales. However, with 
age, higher-order executive function delays were reported in the PAE group. Performance on the 
infant and child versions of the GMDS was not significantly correlated, suggesting that the tests 
may be measuring different developmental constructs. Lower maternal education, unemployment 
and later recognition of pregnancy were associated with reduced social adaptive functioning, and 
language and eye hand coordination abilities, irrespective of amount of prenatal alcohol exposure 
over both time points. Larger anthropometric birth measurements and longer duration of 
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breastfeeding were significantly related to increased performance on the GMDS at 5 years within 
the groups exposed to prenatal alcohol. Socio–demographic variables are likely to complicate 
developmental profiles for all three groups, with prenatal and postnatal nutrition emerging as 
possible protective factors for positive developmental outcomes at 5 years of age. 
Keywords: Fetal Alcohol Syndrome (FAS), Developmental Delay, Longitudinal, Socio-
demographic factors 
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Chapter 1 - Introduction 
Everything has been thought of before, but the difficulty is to think of it again. 
Goethe 
 
1.1 Introduction 
Alcohol use during pregnancy is common in many parts of the world, and its consequences on 
early childhood development are of great international importance (Lewis et al., 2012). While 
most women abstain from alcohol following confirmation of their pregnancy; some continue to 
drink low-to-moderate, even heavy amounts throughout (Henderson, Gray & Brocklehurst, 
2007). With about half of all pregnant women recognising their pregnancy after the sixth week, 
an estimated 15-50% of fetuses are likely exposed to some level of alcohol in utero (Ebrahim et 
al, 1998, Floyd, Decoufle & Hungerford, 1999; Floyd, Ebrahim, Boyle & Goule, 1999). Higher 
rates of exposure are probable in communities with increased alcohol use.  
 
Findings of whether a safe level of prenatal alcohol exposure (PAE) exists are controversial. 
Some recent studies suggest that low-to-moderate amounts of alcohol during pregnancy do not 
affect children’s behaviour or IQ during childhood (Robinson et al., 2010; Falgreen Eriksen et 
al., 2012). Other research, however, proposes that even small quantities of prenatal alcohol 
exposure negatively impacts child behaviour (Larkby & Day, 1997; Sood et al., 2001; Stoler & 
Holmes, 2004). 
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Structural, cognitive and behavioural effects of alcohol are contingent on the intensity, timing 
and pattern of maternal alcohol consumption during critical periods of fetal development (Abel, 
Kruger & Friedl, 1998; Hoyme et al., 2005; May, Gossage, Brooke et al., 2005; May, Gossage, 
Marais et al.,2007; Stratton, Howe & Battaglia, 1996; Sulik, 2005; Sulik, Johnston & Webb, 
1981; Urban et al., 2008; Viljoen, Croxford et al., 2002; Viljoen, Gossage et al., 2005). Heavy 
alcohol consumption in pregnancy is linked to a set of distinct dysmorphological and behavioural 
difficulties in exposed fetuses, referred to as Fetal Alcohol Syndrome (FAS). While light-to-
moderate levels of prenatal alcohol exposure may not produce the typical Fetal Alcohol 
Syndrome (FAS) phenotype, drinking at such levels could result in subtle to significant central 
nervous system (CNS) impairments, manifesting in a variety of developmental delays, forming 
sub diagnoses under the broader Fetal Alcohol Spectum Disorder (FASD) (Riley & McGee, 
2005; Sampson, Streissguth, Bookstein & Barr, 2000).  
 
International prevalence rates of FASD vary and are likely a reflection of variations in study 
populations, case definition, case ascertainment sources, and surveillance methodologies among 
studies, making it difficult to establish an accurate international incidence of FASD. According 
to a summary of various studies conducted in the United States, May and Gossage (2001) report 
overall prevalence rates of FAS between 0.5 and 2.0 per 1,000 with subsequent estimates that 
FASD affects 1 in 100 people (Carmichael-Olson et al., 2009; May & Gossage, 2001). Recent 
Italian findings suggest FASD prevalence rates of 2.3% to 6.3% amongst children, substantially 
higher than previous estimates of overall FASD for the general populations of Western Europe 
and the U. S (May et al., 2011). South Africa have amongst the highest reported FAS rates 
worldwide, with levels between 40.5 to 119.4 per 1000 in various South African communities 
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(Chersich et al., 2012; May, Gossage, Brooke et al., 2005, May, Gossage, Marais et al., 2007; 
Viljoen et al., 2005; Urban et al., 2008).  
 
The true epidemiology of FASD is unknown with many cases of FASD remaining undetected 
(Hoyme et al., 2005). Frequent misdiagnoses during childhood, further complicate prevalence 
rates and are likely due to the absence of the typical FAS facial features attributed to maternal 
abstinence from alcohol during the first trimester when facial features develop (Mattson, Riley, 
Gramling, Delis & Jones, 1997). Children with prenatal alcohol exposure (PAE) often present 
with a complex diagnostic picture and a wide range of psychological symptoms with reported 
diagnoses which include; attention deficit hyperactivity disorder (ADHD), depression, 
oppositional defiant disorder, conduct disorder, anxiety disorders, obsessive compulsive disorder 
and bipolar disorder (Burd, Klug, Martsolf & Kerbeshian, 2003; Mattson & Riley, 2000). While 
an early identification during infancy is controversial, with studies differing in opinion of 
whether it is possible, the early diagnosis of FASD has proven an important protective factor for 
individuals with FASD, with children diagnosed prior to the age of 6 years reporting less 
secondary disabilities (Davies et al., 2011; Hoyme et al., 2005; Burd et al., 2003; Streissguth, 
Barr, Kogan, Bookstein, 1996). Due to these and other difficulties, recent research is shifting 
from mainly clinical studies to those identifying behavioural and neurobehavioural signs, as well 
as genetic markers, usually more pronounced amongst children with FASD (Aragon et al., 2008; 
Carr, Agnihotri & Keightley, 2010; Hong & Krauss, 2012; Quattlebaum & O’Connor, 2012).  
 
While findings confirm that FASD is often the result of a complex interaction between diverse 
social, political, environmental and genetic risk factors they further fortify that children, 
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regardless of prenatal alcohol exposure, develop in relation to their environment and not in 
isolation to it (Bronfenbremmer, 1979; Bronfenbrenner & Ceci, 1994). Socio–demographic 
factors further complicate the accurate identification and management of early developmental 
deficits, especially over sensory–motor, cognitive–language and social functioning with socio-
economic deprivation or living in low-or middle-income countries itself linked to developmental 
delays (Cockcroft, Amod & Soellart, 2008; Gale, O’Callaghan, Bredow, Martyn & Avon 
Longitudinal Study of Parents and Children Study Team , 2006; Grantham-McGregor et al., 
2007; Hack, Klein & Taylor, 1995; Richards, Hardy, Kuh & Wadsworth, 2002; Shenkin, Starr & 
Deary, 2004). In South Africa, large sections of the population suffer from poverty and are 
disadvantaged, in poorly resourced communities, therefore at particular risk to poor cognitive 
development failing to achieve their developmental potential. Children living in poverty are 
exposed to increasing numbers of risks over time with the cumulative effects of these risk factors 
becoming more evident as children get older (Grantham-McGregor et al., 2007; Laughton et al., 
2010). Factors such as, pre and postnatal nutrition, low birth weight, socio-economic status 
(SES), level of maternal education, parental employment, maternal age, body mass index (BMI) 
maternal age, parity, maternal depression and parenting styles have all been well researched 
within the context of early childhood development (Baker–Henningham, Powell, Walker & 
Grantham–McGregor, 2003; Beaver, Vaughn, DeLisi & Higgins, 2010; Coles, Platzman, Smith, 
James & Falek, 1992; Daniels & Adair, 2005; Gale et al., 2006; Grantham–McGregor, et al., 
2007; Richards et al., 2002; Jain, Concato & Leventhal, 2002, Khaole, Ramchandani & Viljoen, 
2004; Urban et al., 2008).  
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While developmental delay in children with FAS in high-income countries has been well 
documented, there is considerably less evidence from non-Western, resource-constrained 
countries with few drawing comparisons with an appropriate control group (e.g. Adnams et al., 
2001; Mattson et al., 1997). It is thus critical, when studying the development of alcohol-exposed 
children from low socio-economic circumstances (the environments in which affected children 
typically are found), that their development be compared to that of healthy children from the 
same environment (Coles, 1995; Grantham-McGregor et al., 2007). This becomes even more 
important in non-Western communities where developmental measures commonly used to gauge 
typical development have not been normed or standardised. Not only will this research contribute 
to existing knowledge of developmental deficits amongst children living in impoverished 
communities, exposed to alcohol prenatally, but it aims to provide valuable information 
regarding the correlational use of both Infant and Child versions of GMDS/ER in a unique 
sample of children. 
 
An accurate assessment of a child’s development requires a thorough assessment, which should 
measure a child’s physical, cognitive, social and emotional development (Bondurant-Utz & 
Luciano, 1994; Meisels, 1996; Nuttal, Romero & Kalesnik, 1992). Developed by Ruth Griffiths 
in the United Kingdom in 1954, The Griffiths Mental Development Scales (GMDS) was 
designed to assess the overall development of babies from birth to 2 years and children from 2-8 
years over six domains of functioning, namely; Locomotor, Personal-Social, Language, Eye and 
Hand Coordination, Performance and Practical Reasoning (included in the 2-8year version) 
(Griffiths, 1954; 1970; 1986). Recent versions of the GMDS have been revised and extended to 
offer a more comprehensive developmental measure (Huntley, 1996; Luiz, Foxcroft & Povey, 
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2006). In both versions, each subscale was devised to be a separate and complete scale in itself, 
measuring one process of development completely (Griffiths, 1970; 1986). International research 
using the GMDS/ER has been conducted in a number of countries including South Africa, with 
findings confirming their practical and diverse uses in the evaluation and treatment of infants and 
young children from a variety of cultural backgrounds (Allan, 1988; 1992; Barnard, 2000; 2003; 
Bhamjee, 1991; Cockroft et al., 2008; Knoesen, 2003, 2005; Kotras, 1998; 2003; Luiz, 1988a; 
1988b; 1988c; 1988d; Luiz, Foxcroft & Povey, 2006; Luiz, Foxcroft & Stewart, 2001; Luiz, 
Foxcroft, Worsfold, Kotras & Kotras, 2001; Luiz & Heimes, 1994; Moosajee, 2007; Tukulu, 
1996; Van Rooyen, 2005; Ward, 1997).  
 
Over the years, the usefulness of the GMDS/ER in the assessment of children with various 
disorders and disabilities has been indicated by clinical studies. Studies include those of children 
with Attention Deficit Hyperactivity Disorder (ADHD), Autism, Cerebral-Palsy, Down’s 
Syndrome, Fetal Alcohol Syndrome (FAS), Muscular Dystrophy, Spina-Bifida, Hearing 
impaired and HIV+ infants (Adnams et al., 2001; Beail, 1985; Bidder, Bryant & Gray, 1975; 
Cohen, 2003; Hall, 1971a; 1971b; Houston-McMillan, 1988; Krige, 1988; Ludlow, 1980; 
Ludlow & Allen, 1979; Luiz, 1988b; Piper & Pless, 1980; Sandberg, Nyden, Gillberg, & 
Hjelmquist, 1993; Sandison, 2005; Smith, Sibert & Harper, 1990; Spain, 1970; Welbourn, 1975).  
 
Studies conducted in South Africa have contributed to restructuring the items on the revised 
editions making them non-threatening and reasonably culturally fair with reported cultural 
developmental differences explained by external variables, such as socio-economic status (SES) 
and levels of maternal education (Cockcroft, et al., 2008; Houston-McMillan, 1988). With the 
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alpha coefficient reaching 0.993, the GMDS-ER provides particularly favourable reliability 
findings; with studies on content and construct–related evidence providing further validation of it 
as a valid diagnostic developmental test (Smith, Bidder, Gardner & Gray, 1980; Griffiths, 1986; 
Hanson, 1982; Huntley, 1996; Luiz et al., 2006). While studies indicate low test-retest reliability, 
under a year of age on the Infant Scale, findings emerge as highly reliable from the second year 
onwards (Huntley, 1996). Though the validity and reliability of both the Infant and Child 
versions of the GMDS/ER have been proven and are fairly well researched, less is known of the 
association between constructs of the Infant and Extended Versions of the GMDS/ER. Findings 
conducted by Luiz and colleagues (2001) describe how all subscales tap the same underlying 
construct, namely, general intelligence, which appeared to be consistent across cultures. 
Furthermore, their findings indicated overlaps in constructs being assessed over time, with 
certain constructs common amongst all subscales (Luiz et al., 2001; Povey, 2008). The current 
study provides a unique longitudinal opportunity to report on the associations between subscales 
across versions of the GMDS/ER over time. While developmental studies are usually 
longitudinal in nature, many existing prenatal studies have been cross-sectional and/or 
correlational in nature. Longitudinal studies such as this one are therefore needed to assist in the 
early identification of developmental delay associated with prenatal alcohol exposure and socio-
demographic factors.  
 
Therefore, the main purpose of this thesis was to describe and explore the development of three 
groups of children from an impoverished town in South Africa, those diagnosed with 
FAS/PFAS; those with some prenatal exposure but who don’t meet the criteria for a FASD 
diagnosis; and a control group of children from the same community (with no FASD 
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symptomatology or no to low reported prenatal alcohol exposure prior to pregnancy). By 
comparing these three groups, the study examines both the separate and cumulative effects of 
varying degrees of prenatal alcohol exposure and socio-demographic factors, on developmental 
outcomes during the first five years of childhood.  
 
The following chapters set the context for understanding the current study and its findings. The 
second chapter covers the broader topic of early childhood development, with specific reference 
to the impact both; prenatal alcohol exposure (PAE) and socio-demographic factors, have on the 
first five years of childhood development. Chapter 3 provides the methods employed in 
conducting the study, including the aims, rationale of the research and a brief description of the 
statistical procedures utilised with the results of the current study presented in Chapter 4. Finally, 
Chapter 5 provides an integrated discussion of the findings, as well as providing limitations of 
the study and some indication of the direction for future research. 
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Chapter 2 – Literature Review 
We never think entirely alone: we think in company, in a vast collaboration; we work with the 
workers of the past and of the present. 
A.D. Sertillanges 
 
2.1 Introduction 
Increased media coverage regarding the dangers of alcohol use, abuse and binge drinking may 
suggest the threats associated with drinking alcohol during pregnancy are new. While the effects 
of alcohol during pregnancy have been cautioned throughout history, its interruption                                              
with embryonic and fetal development were only recognised fairly recently in the late 20th 
century (Jones & Smith, 1973; Jones, Smith, Ulleland & Streissguth, 1973; Lemoine et al., 1968; 
Sullivan, 1899). Remarkable advances in our understanding of these teratogenic effects of 
alcohol have since taken place and it is now widely accepted that children exposed to substantial 
amounts of alcohol during pregnancy exhibit a range of physical, cognitive and behavioural 
outcomes, collectively referred to as Fetal Alcohol Spectrum Disorders (FASD) (Hoyme et al., 
2005; Mattson et al, 1997).  
 
The present chapter reviews the diagnostic criteria required for a FASD diagnosis, describes 
structural and functional abnormalities associated with prenatal alcohol exposure and provides 
information regarding its influence over early childhood developmental abilities. Further 
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attention is placed on the cumulative influence of other socio-demographic factors, often present 
amongst communities with high rates of FASD, on early childhood development.  
2.2 Historical Aspects 
Used and valued by civilisations for thousands of years, alcohol formed part of cultural, medical 
and religious practices, which ironically was once fostered during pregnancy to improve 
maternal nutrition and accepted as a treatment for premature labour and a painkiller of the 
childbirth (Warner & Rosett, 1975). The passing of the “Act for the Encouraging of the 
Distillation of Brandy and Spirits from Corn” in 1690 saw England actively promote gin 
production to utilise surplus grain and raise revenue, developing a “natural, controlled 
experiment” with devastating health and social effects referred to as the “Gin Epidemic” (Abel, 
2001). Cheap, distilled gin flooded the market becoming the drink of choice amongst poor and 
working class alike, with writers at the time describing children born to gin-drinking mothers as 
“fragile, weak and withered” (George, 1966). Similar descriptions of babies of mothers who 
drank heavily were described years later referring to them as “starved, shrivelled and imperfect 
as though...numbered by many years” (Harrison, 1967).  
 
Findings from studies conducted in the mid-eighteenth century first describe a link between 
institutionalized patients and neonatal deaths to parental alcoholism (Sullivan, 1899). Limited 
studies were published between the 1950’s and 1960’s with Lemoine and colleagues (1968) first 
describing a cluster of clinical features amongst infants from alcohol dependent women, as being 
of low birth weight and intelligence, short height, slow growth with language and psychomotor 
delay. Similar findings relating to infant failure to thrive associated with maternal alcohol 
consumption were subsequently confirmed by American researchers, with the distinguishing 
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cluster of features associated with heavy prenatal alcohol exposure named as that of Fetal 
Alcohol Syndrome (Jones et al., 1973). Based on only 11 cases their findings described the 
features associated with extreme and atypical drinking patterns, sparking a global interest in the 
impact of maternal alcohol consumption during pregnancy (Jones et al., 1973).  
2.3 Diagnosing Fetal Alcohol Spectrum Disorder (FASD)  
Recognized as the foremost preventable, non-genetic cause of intellectual impairment, Fetal 
Alcohol Syndrome (FAS) is more prevalent than Down syndrome and Autism (Abel, 1995; 
Clarke & Gibbard, 2003). The terminology and diagnostic classification of prenatal alcohol 
exposure have evolved and changed since the first identification of Fetal Alcohol Syndrome 
(FAS) (Jones & Smith, 1973; Lemoine et al., 1968). Studies confirm patterns of malformations 
associated with substantial amounts of alcohol during pregnancy with evidence emerging of a 
spectrum of structural and behavioural outcomes (Beattie, Day, Cockburn & Garg, 1983; 
Halliday, Reid & McClure, 1982; Majewski, 1981; Olegard et al., 1979; Rosett, 1980). While 
differences exist between the four commonly used diagnostic schemas all include anomalies in 
three distinct areas namely; prenatal/postnatal deficiency; central nervous system (CNS) 
dysfunction; and the characteristic pattern of facial anomalies (Astley & Clarren, 2000 (4-digit 
code); Bertrand et al., 2005 (National Task Force/CDC); Chudley et al., 2005 (Canadian 
Guidelines); Hoyme et al., 2005; Stratton et al., 1996 (Revised IOM).  
 
It soon became apparent that FAS represented merely the tip of the proverbial ‘iceberg’ with a 
majority of alcohol exposed children being misdiagnosed as a result of the absence of the classic 
facial characteristics. While heavy alcohol consumption during pregnancy is linked with a set of 
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dysmorphological and behavioural difficulties in exposed fetuses, referred to as Fetal Alcohol 
Syndrome (FAS) less is known of the impact of light to moderate levels of prenatal alcohol 
exposure (Kodituwakku, 2010). Absence of the typical FAS facial features (one of the main 
criteria) may be attributed to maternal abstinence from alcohol during the first trimester, when 
facial features develop (Mattson et al., 1997; Moore & Persuad, 1993). Over the past thirty years, 
a number of publications have documented the teratogenic effects of alcohol on the developing 
central nervous system concurring that the effects of alcohol are not isolated to a particular 
trimester (Samson, 1986; Streissguth & O’Mailey, 2000; Little, Graham, Samson, 1982). This 
results in children with confirmed prenatal alcohol exposure, manifesting a variety of 
developmental delays, but who do not display the classic FAS features (Streissguth & O’Malley, 
2000; Sampson et al., 2000). Due to the absence of the typical clinical features associated with 
FAS and the complex nature of developmental delays related to prenatal alcohol exposure, 
children with subtler physical features may never be diagnosed or receive misdiagnoses (Little, 
Snell, Rosenfeld, Gilstrap & Gant, 1990). The earliest age at which a clinical FASD diagnosis 
can be made is controversial with some researchers believing it is impossible to make a clinical 
diagnosis before 2 years of age (Burd et al., 2003; Larkby & Day, 1997). Infants with FAS, 
therefore, often go undetected till childhood, with most being diagnosed between 2 and 7 years 
of age when behavioural and cognitive delays become more apparent.  
 
A non-diagnostic umbrella term, Fetal Alcohol Spectrum Disorder (FASD) was created 
recognising the range of outcomes associated with prenatal alcohol exposure (PAE), including; 
terms such Partial FAS (PFAS), Alcohol Related Birth Defects (ARBD) and Alcohol Related 
Neurodevelopmental Disorder (ARND) (Bertrand et al. 2005; Hoyme et al., 2005; Stratton et al., 
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1996). Fetal Alcohol Spectrum Disorder (FASD) broadly refers to the physical, mental and/or 
behavioural outcomes and disabilities which may occur amongst individuals exposed to varying 
degrees of prenatal alcohol (Hoyme et al., 2005). This term has come to include other conditions 
thought to be related to prenatal alcohol exposure such as, spontaneous abortion (Kline, Shrout, 
Stein, Susser & Warburton, 1980) and sudden infant death (Klug, Burd, Kerbeshian, Benz & 
Martsolf, 2003). Clinical features of the FASD spectrum, as used by the current study are 
described in Table 1(Hoyme et al., 2005; IOM, 1996).  
According to the criteria, children displaying the facial phenotype (including small palpebral 
fissures, midface hypoplasia, smooth philtrum and thin vermilion border); growth deficiency 
(≤10th percentile for height, weight or head circumference) and evidence of central nervous 
system (CNS) abnormalities were diagnosed with FAS. Those displaying some, but not all facial 
features with growth retardation, neurological abnormality or abnormal neurocognitive 
assessment were clinically diagnosed as Partial FAS (PFAS). Even in the absence of a history of 
maternal alcohol consumption in pregnancy, clinical diagnoses of FAS and PFAS are considered 
distinctive (Hoyme et al., 2005). While not used in the current study, the terms Alcohol Related 
Birth Defects (ARBD) and Alcohol Related Neurodevelopmental Disorder (ARND), ensure the 
inclusion of physical or behavioural conditions linked to prenatal alcohol exposure which often 
co-occur. 
The misunderstanding exists that FAS is on the extreme negative end of the spectrum with 
ARND representing less negative effects, yet effects of prenatal alcohol exposure can be as 
damaging for individuals in the ARND group, due to the irreversible damage to the central 
nervous system CNS (Mattson & Riley, 1998). 
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Table 1 Summary of diagnostic classification of FASD  
Summary of diagnostic classification of FASD 
Fetal Alcohol Spectrum Disorder 
 Fetal Alcohol 
Syndrome  
(FAS) 
 
Partial Fetal Alcohol 
Syndrome (PFAS) 
 
Alcohol Related Birth 
Defects (ARBD) 
 
Alcohol Related 
Neurodevelopmental 
Disorder  
(ARND) 
 
Facial 
Characteristics 
≥2 of the following: 
short palpebral fissures 
(<10th percentile), thin 
vermillion border, 
smooth philtrum 
 
≥2 of the following: 
short palpebral fissures 
(≤10th percentile), thin 
vermillion border, 
smooth philtrum 
 
2 of the following: short 
palpebral  fissures 
(≤10th percentile), thin 
vermillion border, 
smooth philtrum 
 
Growth Deficiency Height or weight ≤10th 
percentile 
Either height or weight 
(≤10th percentile) OR 
 
  
CNS involvement Head circumference 
(OFC) ≤10th percentile or 
structural brain 
abnormality 
Head circumference 
≤10th percentile or 
structural brain 
abnormality or 
behavioural and 
cognitive abnormalities 
inconsistent with 
developmental level 
 Either 1) structural brain 
anomaly or OFC ≤ percentile or 
2) evidence of a complex 
pattern of behavioural or 
cognitive abnormalities 
inconsistent with 
developmental level that cannot 
be explained by genetics, 
family background or 
environment alone 
 
Minor 
abnormalities 
  Display 2 minor 
abnormalities: 
Cardiac, skeletal, renal, 
eyes, ears, other 
 
 
Alcohol Exposure 
 
Confirmed or Not 
confirmed 
Confirmed or Not 
confirmed 
Confirmed Confirmed 
Source: Hoyme, E.H., May, P.A., Kalberg, W. O., Kodituwakku, P., Gossage, J. P., Trujillo, P. M., Buckley, M. A., 
Miller, J. H., Aragon, A. S., Khaole, N, Viljoen, D. L., Jones, K. L., & Robinson, L. K. (2005). A Practical Clinical 
Approach to Diagnosis of Fetal Alcohol Spectrum Disorders: Clarification of the 1996 Institute of Medicine 
Criteria. Paediatrics, 115 (1), 39-47 
 
In a longitudinal study conducted by Greenbaum, Nulman, Rovet and Koren (2002) they suggest 
ARND is a significant disorder in its own right. Regardless of the extent of prenatal alcohol 
exposure, common to all individuals on the spectrum are the adverse and variable outcomes of 
central nervous system damage, with varying cognitive, behavioural and psychosocial 
manifestations, which change with age and circumstances (Riley & McGee, 2005; Streissguth et 
al., 1991; Streissguth, Barr, Sampson & Bookstein, 1994). In contrast to the evolving FAS facial 
features and growth deficiencies, the abnormalities associated with the central nervous system 
(CNS) persist throughout an individual’s lifespan manifesting at different developmental 
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milestones with children with FAS failing to catch up developmentally and often remaining 
small in height, weight and head circumference measurements (Streissguth, 1997). 
 
Research has shown that the facial features and growth deficiencies of FAS often change with 
age and vary between ethnic populations (Abel & Hannigan, 1995; Streissguth et al., 1996; May 
et al., 2010). In their review, Abel and Hannigan (1995) found no evidence suggesting that 
biological factors were responsible for the increased risk of FAS in African and Native American 
alcoholic women. In South Africa, particularly high rates of FASD have been reported amongst 
the mixed ethnic, coloured communities (May et al., 2010; Viljoen et al., 2002; Urban et al., 
2008). While research has shown increased prevalence of FAS amongst certain indigenous racial 
groups it may have less to do with racial characteristics and genetics and more to do with socio-
economic status (SES) and drinking patterns (May et al 2010; O’Leary, 2004). It is important to 
note that aspects specific to indigenous populations, such as the effects of colonization, 
marginalisation and loss of traditional culture, may further impact the number of risk factors 
indicative of not only FASD but overall delays during early childhood development (Elliot & 
Bower, 2004). 
 
As if the complex nature of diagnosing FASD was not enough, more women drink alcohol 
during pregnancy than the total number of children diagnosed within the FASD spectrum (Maier 
& West, 2001a). Thus, not all children prenatally exposed to alcohol will be diagnosed with 
FASD, with the degree of severity of prenatal damage varying from person to person. Effects of 
alcohol and their degree on subsequent developmental outcomes seem contingent on the 
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intensity, timing and pattern of maternal alcohol consumption during critical periods of fetal 
development (Autti-Ramo & Granstom, 1991, Guerri, Bazinet & Riley, 2009; Jacobson & 
Jacobson, 1999; Larroque, Kaminski, Deaene, Subtil, Delfosse & Querleu, 1995; Lindsley, 
Comstock & Rising, 2002; Mattson, Schoenfield & Riley, 2001; McCarver, 2001; Riley & 
McGee, 2005). In a prospective study conducted by Plant (1985) of 1,008 pregnant women in 
Scotland, women consuming ten units of alcohol or more on a single occasion during pregnancy 
were more likely than other women to produce damaged offspring. Evidence further indicated 
that low levels of maternal consumption were not associated with fetal harm. Plant claimed that 
the use of mild to moderate levels of alcohol during pregnancy appeared far less responsible for 
birth abnormalities than other factors such as; socio-economic status, maternal age, previous 
obstetric history, maternal height.  
 
While the central nervous system (CNS) continues to develop during the 9 months of pregnancy, 
damage to particular regions of the developing brain at key points, due to heavy drinking, may 
result in global, functional and developmental delays. According to O’Leary (2004) a critical 
period for the damaging effects of heavy alcohol consumption occurs in the first 3-6weeks of 
brain development and the last 2 months of pregnancy. Maier and West (2001a, b) confirm this, 
stating that earlier exposure to alcohol in utero produces as much adverse effects on fetal brain 
development as alcohol exposure throughout pregnancy. About half of all pregnant women only 
recognize their pregnancy after the sixth week, a critical time for early brain development, with 
an estimated 15-50% of all fetuses exposed to alcohol in utero (Ebrahim et al., 1998, Floyd et al., 
1999). While most women abstain from alcohol following confirmation of their pregnancy, some 
continue to drink low to moderate amounts throughout (Henderson et al., 2007). Conflicting 
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reports in the media regarding alcohol units and pregnancy guidelines during pregnancy further 
complicate opinions of alcohol use during pregnancy. In most developed countries, pregnancies 
are planned, complications few and outcomes generally favourable for both mother and infant. 
Research in developing countries is more complicated due to the lack of resources and 
interrelated socio-demographic factors which influence pregnancy outcomes with one in four 
women reportedly drinking alcohol post conception, prior to pregnancy recognition (O’Connor et 
al., 2011). Further findings suggest that seventy one percent of mothers reportedly stopped 
drinking at pregnancy recognition, however most were unaware of their pregnancy status until 
well into their first trimester, a critical period for the damaging effects of prenatal alcohol 
exposure (Moore & Persuad, 2003; O’Connor et al., 2011 ). These findings raise important 
questions about preconception screening for alcohol use and its associated risk factors, which 
become especially important in low income communities with confounding factors, such as 
maternal nutrition and lack of effective contraception (Chersich et al., 2012; Urban et al., 2008; 
Morojele et al., 2009).  
 
While Coles and colleagues (1991) reported that half of the children born to heavy drinkers did 
not show abnormal features, a review conducted by Abel (1995), estimated 4.3 percent of heavy 
drinkers, (i.e. those consuming an average of 2 or more drinks per day or 5-6 drinks in one 
occasion) gave birth to a FAS child. The issue of whether a safe level of prenatal alcohol 
exposure during pregnancy exists remains controversial. Findings suggest that low to moderate 
amounts of alcohol (≤ 2drinks/day) during pregnancy was acceptable and did not affect 
children’s behaviour and IQ between 2-14 years of age (Henderson et al., 2007; Robinson et al., 
2010). Other research, however, suggests that even small quantities of prenatal alcohol exposure 
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negatively impacts child behaviour (Larkby & Day, 1997). A 2001 study found children exposed 
to less than one drink a week were three times more likely to have scores in the delinquent range 
at 6 to 7 years of age, as measured by the Achenbach Child Behaviour Checklist, (Sood et al., 
2001). Children whose mothers consume alcohol are more likely to show signs of general growth 
delay, with smaller head size and lower birth weights, with links between early physical 
development and poorer developmental outcomes and lowered IQ’s evident (Coles et al., 1992; 
Mills, Graubard, Harley, Rhoads & Berendes, 1984; Streissguth, Clarren & Jones, 1985). Animal 
and neuroimaging studies have demonstrated the cognitive, behavioural impairments and 
developmental delays associated with FAS as being directly related to structural and functional 
changes within the CNS, often referred to as ‘primary disabilities’ (Adnams et al., 2001; Coles et 
al., 1991; Jones & Smith, 1973; Kodituwakku, Kalberg & May, 2001; Mattson et al., 2001; 
Roussotte et al., 2011; Streissguth et al., 1996; Sulik, 2005; West, 1986). The following section 
describes some important structural and functional abnormalities associated with prenatal alcohol 
exposure research.  
2.4 Structural and Functional Abnormalities Associated with Prenatal Alcohol 
Exposure (PAE)  
2.4.1 Structural abnormalities. 
Prenatal alcohol disrupts the normal growth and passage of neural cells leading to abnormalities 
within the brain and spinal cord. Two general criteria are associated with structural central 
nervous system (CNS) abnormalities required for a FASD diagnosis namely; 1) a small head 
circumference and 2) damage to key regions of the brain (Hoyme et al., 2005). It is well known 
that head circumference of an infant, regardless of prenatal alcohol exposure, constitutes a 
simple, inexpensive tool to assess the development of the central nervous system (CNS), 
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identifying infants at risk of future neurodevelopmental disorders (Garcia-Alix, Saenz-de Pipaon, 
Martinez, Salas-Hernandez & Quero, 2004). Studies in the eighties showed that alcohol use 
during pregnancy caused microcephaly, a small head circumference relative to an infant’s body 
size and weight (Ernhart et al., 1985; Rosset et al., 1983). Post-mortem studies of children with 
heavy prenatal alcohol exposure describe smaller head sizes (below the 10th percentile), with 
approximately 80% of children with FASD presenting with microcephaly, making it an 
important criterion for a diagnosis (Clarren, Alvord, Sumi, Streissguth, Smith, 1978; Jones & 
Smith 1973; Hoyme et al., 2005; Naidoo, Chikte, Laubscher & Lombard, 2005; Mattson & 
Riley, 1998; O’Leary, 2004; Riley et al., 1995; Urban et al., 2008; Viljoen et al., 2005; 
Wisniewski, Dambska, Sher & Quzi, 1983). Children whose mothers stopped drinking before the 
end of the second trimester had larger head circumferences than those whose mothers continued 
to drink throughout pregnancy, which suggests that pregnant women may avoid additional injury 
to their unborn child if they stop drinking before the third trimester (Coles et al., 1991). Alcohol 
related structural changes in specific regions of the brain, may well be attributed to brain size, 
neurological functions and infant head size. Evidence from both animal and neuroimaging 
studies indicate that neurological effects of alcohol exposure are not global but affect more 
vulnerable areas of the brain regions namely; the basal ganglia, corpus callosum, cerebellum and 
hippocampus (Autti–Ramo & Granstrom, 1991; Archibald et al., 2001; Chandler, Richardson & 
Gallagher, 1996; Coles, et al., 1997; Goodlet & Horn, 2001; Guerri et al., 2009; Hannigan, 
Berman, Zajaz, 1993; Hannigan & Berman, 2000; Humphriss, Hall & MacLeod, 2010; Hunt, 
Jacobson & Torok, 2009; Kalberg et al., 2006; Kodituwakku, 2007; Maier & West, 2001a,b; 
Mattson et al., 2001; Mattson, Crocker & Nguyen, 2011; Parnell et al., 2009; Riley & McGee, 
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2005; Roebuck, Mattson & Riley, 1998; Sowell et al., 1996; Sulik, 2005; Valenzuela, Lindquist, 
Zamudio & Bulcock, 2010; West, 1986; West, Goodlett, Bonthius, Hamre & Marcussen, 1990).  
 
Researchers describe decreased volumes of the basal ganglia related to motor control, cognitive 
functions; executive functions which include the ability to shift from one task to another and 
inhibit inappropriate behaviour (Archibald et al. 2001; Cortese et al., 2006; Mattson et al., 1996). 
Alterations in size and volume of the corpus callosum have been shown to contribute to deficits 
in attention, intellectual functioning, reading, learning, verbal memory and executive and 
psychosocial functioning, with some studies suggesting that 7% of children with FAS lack the 
corpus callosum altogether (Bookstein, Sampson, Streissguth & Connor, 2001; Riley et al., 1995; 
Swayze et al., 1997). The cerebellum, another particularly vulnerable region of the brain, has 
been implicated, known to impact movement, including sensorimotor coordination, muscle tone 
and balance as well as attention, executive functions and other complex tasks (Archibald et al., 
2001; Kodituwakku, Segall & Beatty; 2011; Mattson et al, 2001; O’Hare et al., 2009; Salman et 
al., 2006; Sowell et al., 1996). Research findings differ in the description of the extent of damage 
to the hippocampus. While some researchers have shown that the size of the hippocampus in the 
left temporal lobe is smaller than in the right lobe, others have found the size of the hippocampus 
less affected compared to other brain regions (Archibald, et al., 2001; Riikonen, Salonen, 
Partanen & Verho, 1999). Behavioural studies have further supported the argument that the 
hippocampus is damaged due to prenatal alcohol exposure with findings suggesting deficits 
associated with learning, spatial memory and other memory functions (Mattson et al., 2001; 
Uecker & Nadal, 1996). The extent of structural damage caused by prenatal alcohol exposure, 
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inevitably affects later more specific areas of development. The following provides a brief 
description of the functional implications thereof.  
2.4.2 Functional abnormalities. 
Infants and children with FASD show enormous individual variability in ages at which specific 
developmental, cognitive milestones and levels of achievement are reached. In order to meet the 
FAS diagnostic criteria, an individual must have either global deficits (<25th percentile) or 
deficits in specific functional domains, with global cognitive deficits defined as a decreased IQ 
(≤ 3 standard deviations below the mean) or a presence of significant developmental delay 
amongst younger children (Paton & Croom, 2010). While some level of cognitive deficit 
characterizes individuals with FASD most do not have mental retardation, with findings 
indicating IQ functioning with scores between 65-82 (Conry, 1990; Jones et al., 1973; Lemoine 
et al., 1968; Mattson & Riley, 1998). In a study describing the longitudinal development of 
alcohol exposed infants to adolescents, Streissguth and colleagues (1994) describe that the FAS 
individuals fell into the borderline mental retardation range with a mean IQ of 79. For 
individuals not meeting the FAS criteria, but exposed to prenatal alcohol, an average IQ of 90 
was reported. Further studies have shown that an IQ or developmental score in the low average 
to average range does not rule out the presence of neurocognitive deficits or mental health 
problems (Streissguth, Randels & Smith, 1991). When faced with everyday learning, the 
majority of children diagnosed with FAS, experience varying degrees of difficulties in the 
moderate to severe range of cognitive performance. While global delays are not always apparent 
amongst alcohol exposed children, most children tend to display specific developmental deficits 
in functional domains (Goldschmidt, Richardson, Stoffer, Geva & Day, 1996). Variations in 
average IQ’s over the numerous studies are likely to arise from differences in severity of 
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diagnosis, age at testing and exclusions resulting from the type of IQ tests used. Specific 
developmental domains, as assessed by the GMDS/ER and deficits associated with prenatal 
alcohol exposure are presented in detail in section 2.7. Furthermore, it is likely that atypical brain 
development in children with prenatal alcohol exposure is further moderated by genetic factors 
and the quality of postnatal experience, described in section 2.8.  
2.5 Epidemiology of FASD 
Precise figures regarding FAS are difficult to obtain, however, it seems likely that most attempts 
are underestimates due to misdiagnoses with other disorders, including those of attention deficit 
hyperactivity disorder (ADHD), autism, major depressive disorder, bipolar disorder, oppositional 
disorder and conduct disorder (Burd et al., 2003; Chudley, Kilgour, Cranston & Edwards, 2007; 
O’Connor et al., 2002). In reviewing international prevalence rates of FAS, the United States 
describe rates of between 0.5 and 2.0 per 1,000 births (May & Gossage, 2001). In Australia, FAS 
rates of 0.02 per 1,000 have been reported, with 2.76 per 1,000 amongst Aboriginal children 
(Elliot & Bower, 2004). South Africa has amongst the highest reported FAS rates worldwide, 
with levels of between 40.5 to 119.4 per 1000 in various South African communities (Chersich et 
al., 2012, May et al., 2007; Viljoen et al., 2005; Urban et al., 2008). While May and Gossage 
(2001) suggest that the type of research design and method used to determine prevalence may 
influence reported rates, later research indicates time itself may create differences between 
reported rates, possibly due to awareness (Chersich et al., 2012; May et al., 2005). Using data 
from numerous studies, researchers have provided a guide for estimating the rate of all 
measureable effects of prenatal alcohol exposure, where it is thought that FAS, ARBD and 
ARND may affect as many as 10 per 1,000 births (1%) (Abel, 1995).  
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2.6 Risk factors associated with prenatal alcohol exposure (PAE). 
In reviewing available international and local studies, certain maternal factors have been shown 
to be linked to an increased risk of having a child with FAS, these include; maternal age at 
pregnancy, gravidity (number of previous pregnancies), parity (number of previous births), low 
socio-economic status, unemployment, use of tobacco and other drugs (Abel, 1995; May et al., 
2005, 2008; Odendaal, Steyn, Elliot & Burd, 2009; Urban et al., 2008; Viljoen et al., 2002). 
Epidemiological studies conducted in South Africa, Italy and the United States describe mothers 
of children with FASD as smaller than controls in the same country in height, weight and body 
mass index (BMI) (May et al., 2005; Urban et al., 2008; Viljoen et al., 2002). While studies 
conducted in small, rural towns of South Africa have revealed major nutritional deficiencies 
amongst all participants, mothers with FASD children show significantly lower intake of 
riboflavin, calcium and DPA (an omega 3 fatty acid) , with zinc and B vitamins likely playing a 
role (May et al., 2004; Tamura et al., 2004). May et al. (2005) report significantly smaller head 
circumference measurements of mothers with children diagnosed as FAS, which may suggest 
some mothers have FAS or PFAS themselves. Age of drinking onset, length of time mothers had 
been drinking, quantities consumed and frequency and timing of use during pregnancy have been 
shown to further impact the severity of prenatal alcohol damage (Abel, 1998; Hoyme et al., 
2005; Jacobson, Jacobson & Sokol, 1994; May et al, 2007; 2008; Stratton et al., 1996; Sulik, 
2005; Urban et al., 2008; Viljoen et al., 2005). Findings suggest it is not the total amount of 
alcohol consumed, but the number of drinks consumed on one occasion, peaking blood alcohol 
content (BAC) levels, which negatively affects the developing fetus (Abel, 1998; Khaole et al., 
2004; Livy, Miller, Maier & West, 2003; Maier & West, 2001a,b; Pierce & West, 1986; West & 
Goodlett, 1990). High risk pregnant mothers regularly partake in binge like drinking patterns, 
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consuming an average of 2 or more drinks per day or 5-6 units in one occasion, which peaks 
BAC levels increasing structural, behavioural and cognitive risks to their inborn child (Maier & 
West, 2001a,b; May & Gossage, 2001; Caley, Kramer & Robinson, 2005). Studies conducted on 
children aged 7 years of age in South Africa revealed mothers of children with FASD drank 
more alcohol, more frequently, in a heavier episodic fashion than comparison mothers with non 
FASD children (May et al., 2005).  
 
Few studies have examined the psychological characteristics associated with risky drinking 
amongst women with FASD diagnosed children. Those that have describe women in these 
circumstances as often suffering from low self-esteem, with varying degrees of depression and 
are likely to have partners who typically engage in similar, heavy drinking patterns (Abel, 1998; 
Chetty, 2012; Flynn & Chermack, 2008; May et al., 2005, 2008; Stratton et al., 1996; Viljoen et 
al., 2002; Wilsnack, Klassen, Schur & Wilsnack, 1991). While some risk factors cannot be 
modified, such as maternal genotype for alcohol dehydrogenase shown to influence alcohol 
intake, alcohol metabolism, fetal effects and ethnicity, others such as poverty and low socio 
economic differences, often associated with prenatal alcohol exposure, are further influenced by 
poor nutrition, paternal stress, genetics and social factors (Goodlet, Gilliam, Nichols & West, 
1989; Streissguth & Dehaene, 1993; Warren., et al., 2001). Since socio-economic deprivation 
itself may lead to developmental delays over specific domains, it is critical that the development 
of prenatal alcohol exposed children from low socio-economic circumstances (typical 
environments alcohol affected children are found) are compared to healthy children from the 
same environment (Coles, 1995). 
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The history of alcohol consumption, amongst indigenous people in South Africa has a long, 
history. During colonial times, alcohol was exchanged for labour and goods a practice known as, 
‘the dop system’ which only recently was abolished on wine farms in the Western and Northern 
Cape (Parry, 2005). Further factors changing the patterns of alcohol consumption include, 
urbanisation, changes in gender and age roles, and intense mass marketing and promotion of 
alcoholic beverages (Parry, 2000). Considered a middle income country, South Africa is 
characterized by high levels of poverty and inequality, with conditions of adversity, 
disproportionately affecting the mixed coloured and black/african ethnicities (O’Connor et al., 
2011). Most studies on neuropsychological deficits of individuals with FASD have focused on 
children and adolescents, making direct longitudinal comparisons to this study difficult with 
researchers recognizing that earlier studies during infancy would better enable preventative 
measures. With the highest reported international rates of FASD, surely South Africa has an 
ethical obligation to understand the exact developmental nature of the disorder and in so doing 
prevent and manage later secondary disabilities which place unnecessary burdens on already 
over extended communities.  
Considering its impact on early childhood development, the study of FASD is of considerable 
relevance to all professionals in school settings, administrators, school psychologists, policy 
makers and researchers, especially from areas with known high rates of alcohol use. The lack of 
specialized medical, psychiatric and/ or psychological services in most impoverished 
communities in South Africa impacts early identification, thereby influencing subsequent 
intervention. The following section provides a description of the main childhood developmental 
domains, with reference to their developmental theories and the impact of prenatal alcohol 
exposure and key socio-demographic factors on early developmental performance.  
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2.7 Childhood Development  
Child development is a process, encompassing biological and psychological changes from 
infancy through to adolescence (Shonkoff & Phillips, 2000). Developmental progressions over 
various domains include motor skills (e.g., sitting, running, and more complex movements, etc.), 
language skills (both expressive and receptive), cognitive, executive function/self-regulatory 
skills (e.g., symbolic thought, memory, and logic) and social-emotional skills (e.g., a sense of 
self, empathy and how to interact with others) (Kuhn & Siegler, 1998). While for assessment 
purposes, developmental abilities are usually divided into domains, typically they overlap often 
influencing each other with later stages of development succeeding earlier ones, which according 
to Piaget (1952; 1963), ultimately prove more adaptive to the demands of the environment. It is 
imperative, that when assessing a child’s mental development, a full investigation of motor, 
social and cognitive abilities is undertaken (Bondurant-Utz & Luciano, 1994; Griffiths, 1954; 
Meisels, 1996; Nuttal, Romero & Kalesnik, 1992). Seen as a process rather than a product, 
developmental theorists agree that changes are sequential and usually progressive in nature 
involving increasing complexity, embedded within a particular environmental context. 
With roots in both the mechanistic and organismic perspectives, Piaget’s theory describes 
development as being based on 1) maturation (the process through which biological change takes 
place accounting for neurological changes through physical growth); 2) experience (the 
interaction with the environment); 3) social transmission (the process when information, attitudes 
and customs are transmitted from one group to another, e.g. parent to child), and 4) equilibrium 
(the internal motivational system and demands of the environment) (Piaget, 1952; 1963). In 
agreement with Piaget, Griffiths (1954; 1970) refers to development as the individual 
progression at which the growth and maturation of a child’s attributes and abilities takes place. 
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McCall (1981) proposed the concept of canalization, in which during the first 18-24 months 
developmental function is largely maturational, with individual, unstable differences less 
associated with either genetic or environmental factors. The following section provides a 
description of each developmental domain as assessed by the GMDS/ER with reference to 
relevant developmental theories, and the impact of prenatal alcohol exposure and socio-
demographic factors on their developmental outcome. 
2.7.1 Motor skills.  
Defined as the development of abilities essential to movement and acquisition of motor skills, 
the advancement of motor ability forms an important component of a child’s general 
development (Knoesen, 2005). For infants and young children, large motor skills include the 
progression of learning to walk and run, walking on a line, controlling movements and jumping 
with age, while fine motor skills, such as picking up an object, holding eating utensils, drawing 
and writing, all involve eye-hand coordination and muscle control (Gallahue & Ozmann, 1995; 
Griffiths, 1954; 1970; 1986; Matney, 1999). Attainment of both gross and fine motor skills is 
significant, with children gaining new ways of exploring their environment. Piaget’s (1963) 
highly regarded theory of cognitive development proposes four stages to intellectual 
development, revisited under cognitive skill development in section 2.7.2, namely; 1) 
sensorimotor thought (0-2years); 2) pre-operational thought (2-7years); 3) concrete-operational 
thought (7-11years) and 4) formal operational (11 years and older). While each stage is described 
in Table 2 particular reference is given to the sensorimotor and pre-operational stages in text, 
with participants in the current study aged between 7 months and 5 years.  
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Table 2 Piaget’s Four Stages of Cognitive Development 
Piaget’s Four Stages of Cognitive Development 
Stage Description Age Range 
Sensorimotor Infant progresses from 
reflexive, instinctual 
action at birth to the 
beginning of symbolic 
thought. Infant constructs 
an understanding of the 
world by coordinating 
sensory experiences with 
physical actions. 
Birth to 2 years 
Preoperational  Child begins to represent 
the world with words and 
images; which reflect 
increased symbolic 
thinking, beyond the 
connection of sensory 
information and physical 
action. 
2 to 7 years 
Concrete Operational  Child now can reason 
logically about concrete 
events, classifying objects 
into different sets 
(schemas). 
7 to 11 years 
Formal Operational  More abstract and logical 
reasoning by adolescents.  
With more idealistic 
thinking.  
11 to 15 years 
Note. Adapted from Santrock, J.W. (2002). Life span development  
 
According to Piaget’s theory of cognitive development during the sensorimotor stage (0-2years 
of age), an infant’s knowledge is limited to his sensory perceptions and motor activities, with 
behaviours limited to simple motor responses usually caused by sensory stimuli (Piaget, 1963). 
To make sense of their environment and develop basic representations from which later more 
cognitive schemas are derived, children at this stage utilize innate behaviour patterns to ascertain 
the relationship between sensations and motor behaviour. While cognitive functioning at the 
beginning of this stage is limited to involuntary reflex actions without rational thought or 
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representation, drastic changes, due to maturation give rise to later more symbolic, complex 
cognitive abilities. While the order of each stage is the same between children, the pace at which 
children proceed through the stages may vary, especially in regard to children exposed to 
prenatal alcohol (Piaget, 1963; Bjorklund & Bjorklund, 1992). Research confirms early motor 
skills contribute to later developmental achievement with difficulties in motor skills often 
indicative of the presence of neurological or perceptual problems (Bushnell & Boudreau, 1993, 
Luiz et al., 2004).  
 
While findings differ about the extent of delay on early motor development associated with 
prenatal alcohol exposure, evidence from both animal and human studies indicate both gross and 
fine motor functions are vulnerable to the effects of prenatal alcohol exposure (Autti-Ramo & 
Granstrom, 1991; Barr, Streissguth, Darby & Sampson, 1990; Chandler et al., 1996; Connor, 
Sampson, Streissguth, Bookstein & Barr, 2006; Conry, 1990; Jacobson et al., 1993; Jones & 
Smith, 1975; Kalberg et al., 2006, Mattson & Riley, 1998; Roebuck, Simmons, Richardson, 
Mattson & Riley, 1998; Valenzuela et al., 2010; Van der Leeden et al., 2001). Infants with FAS 
tend to suffer from tremors, show a difficulty in responding to sensory stimuli and display a 
weak suckle (Martin, Martin, Sigman & Radow, 1977). These early delays amongst toddlers and 
young children compound with findings presenting later delays associated with; motor 
milestones, weak grasps, difficulty in writing or drawing, being clumsy, balance problems, poor 
dexterity (Connor, et al., 2006; Conry, 1990; Mattson et al., 2010, Mattson et al., 1998, Roebuck 
et al., 1998). Despite difficulties associated with balance, older children with prenatal alcohol 
exposure typically do not display deficits in gross motor behaviours such as running and jumping 
(Adnams et al., 2001, Chandler et al., 1996).  
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The link between motor and mental ability is evident with findings suggesting that when basic 
developmental functions, often motor, are compromised by prenatal alcohol exposure, socio-
demographic factors or both, they impact on the development of subsequent higher-order skills 
(Herbert, Eckerman, Standton, 2003; Salman et al, 2006). Gusella and Fried (1984) describe how 
prenatal alcohol exposure reportedly affects the mental scale of the Bayley Scales of 
Development more than the motor scale amongst infants aged 13 months. Their findings concur 
with earlier studies reporting decreased mental and motor scores amongst heavily exposed 
infants, assessed at 8 months of age using the Bayley Scale of Infant Development (Streissguth, 
Barr, Martin & Herman, 1980). Other researchers failed to find any relationship between prenatal 
alcohol exposure and gross motor ability (Adnams et al., 2001; Richardson & Day, 1991). No 
significant group motor effects were reported by Adnams and colleagues (2001) on the 
Locomotor scale of GMDS of 34 South African children, diagnosed with FAS aged 7 years of 
age, when compared to a matched control group of healthy children. Although some gross and 
fine motor deficits, associated with prenatal alcohol exposure, may diminish with practice, 
reports suggest, later decreases over more complex, fine motor and higher-order cognitive skills 
become more evident with age, which generally persist into adulthood (Adnams et al., 2001; 
Connor, Sampson, Bookstein, Barr & Streissguth, 2000; Jacobson et al., 1993; Kable & Coles, 
2004; Kalberg et al., 2006; Kartin, Grant, Streissguth, Sampson & Ernst., 2002; Kodituwakku et 
al., 2001; Mattson, Goodman, Caine, Delis & Riley, 1999; Mattson & Riley, 1998; Osborn, 
Harris & Weinberg, 1993; Stanton & Goodlet, 1998; Stratton et al., 1996; Willford, Richardson, 
Leech & Day, 2004).  
Childhood development is multi-factorial, drawing on biological, socio-economical and 
cognitive aspects, all of which work together to determine a child’s developmental potential. 
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Regardless of prenatal alcohol exposure, studies suggest that socio-demographic factors may 
similarly contribute to motor delays (Cockcroft et al., 2008; Gale et al., 2006; Giagazoglou, 
Kyparos, Fotiadou & Angelopoulo, 2007; Hack et al., 1995; Richards et al., 2002; Shenkin et al, 
2004; Silva, Metha, O’Callaghan, 2006). In one such study conducted on 40 South African black 
infants, aged between 13 to 16 months, maternal education was found to be positively associated 
with gross motor development of infants. The study found that children of a low socio-economic 
status performed significantly poorer than those from more affluent homes (Cockcroft et al., 
2008). Similar motor delays were reported in a Greek study using the GMDS/ER to investigate 
the relationship between maternal education and residential area on infant development of 800 
children aged between 37 and 72 months (Giagazoglou et al., 2007). While their findings 
described better fine motor ability associated with children from urban areas those from rural 
areas performed significantly better in terms of gross motor ability. While differences may be 
attributed to variations between urban and rural living conditions in Greece, it provides evidence 
for the role of socio-demographic factors on motor development during childhood.  
2.7.2 Cognitive skills.  
Analytical skills, mental problem-solving, visual perception, memory, early mathematical 
abilities and language all encompass cognitive developmental skills (Griffiths, 1970; 1986; 
Huntley, 1996). For, infants and toddlers, early cognitive development involves problem-solving 
with objects, such as learning to stack or nest objects, and an early understanding of math, 
demonstrated by sorting objects and basic mathematical knowledge (Griffiths, 1954, 1986; Kuhn 
& Siegler, 1998). As children approach school-going age, cognitive development broadens to 
include early knowledge of numbers, addition and subtraction, and familiarity with letters and 
print (Schneider & Bjorklund, 1998). The preoperational stage, of Piaget’s cognitive 
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development theory, described in Table 2, between the ages of two and seven occurs when the 
child begins to characterise the world through words and images, beyond basic sensory 
information and physical action, reflecting an increase in symbolic thought, usually associated 
with increased language development (Piaget, 1952, 1963). Assimilation and accommodation are 
important processes which make this possible. With assimilation, children match concepts 
arising from their environmental interactions with previously formed mental schemes. 
Accommodation entails the modification of these existing schemes based on the environmental 
interaction. Both provide a state of equilibrium, a balance between the individual and the 
environment. By providing opportunities for children to expand the schemas they are learning 
about, cognitive development is further stimulated. As children develop, single schemas become 
more complex ones, building on one another, with an opportunity for revisiting earlier schemas, 
not fully mastered (Athey, 1990).  
 
Evidence from studies of children exposed to prenatal alcohol describes significant impairment 
in problem-solving abilities, abstract thinking, planning and cognitive flexibility (Adnams et al., 
2001; Coles et al., 1992; Kodituwakku et al., 2001; Mattson et al., 1999; Mattson & Riley, 1998; 
Streissguth et al., 1994). Research on memory has shown specific problems in the encoding of 
information (i.e. the learning of new material) with exposed children more likely to retain new 
information when encouraged, using more trials or different teaching methods (Coles et al., 
1997; Coles, Lynch, Kable, Johnson & Goldstein, 2010; Kaemingk, Mulvaney & Halverstan, 
2003; Kerns, Don, Mateer & Streissguth, 1997; Mattson et al., 1996; Mattson & Roebuck, 2002; 
Mattson et al., 1998; Roebuck-Spencer & Mattson, 2004). Converging findings suggest that 
children with FASD process information more slowly, perform worse than controls on tasks 
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involving interhemispheric transfer of information and show decreased processing with more 
demanding higher-order tasks requiring greater cognitive effort (Burden, Jacobson & Jacobson, 
2005; Burden, Jacobson, Sokol & Jacobson, 2005; Jacobson et al., 1994; Roebuck, Mattson & 
Riley, 2002). Consistent with previously described delays in information processing recent 
findings describe alcohol exposed children to be slower with visual processing than controls in 
letter recognition with children with FASD generally, performing worse, than their typically 
developing counterparts, over specific cognitive functions as task complexity increases 
(Kodituwakku et al, 2011). Greater difficulty with math than with reading and spelling has been 
reported amongst studies of children heavily exposed to prenatal alcohol (Olson et al., 1998; 
Howell, Lynch, Platzman, Smith & Coles., 2006). Findings from a prospective study conducted 
by Goldschmidt and colleagues (1996) indicate the linear-dose response association of prenatal 
alcohol exposure during the second trimester on mathematical skills, with higher exposed 
children performing worse. Executive functions refer to specific higher-order cognitive skills 
involved in planning, sequencing, and appropriate use of feedback in response selection, set 
shifting, cognitive flexibility, ability to inhibit, concept formation and reasoning (Morris, 1996). 
While the roots of children’s executive functioning are apparent in infancy, it is only during early 
childhood, as the frontal lobe develops, that executive functions advance (Anderson, 1998). Both 
clinical with longitudinal studies indicating prenatal alcohol exposure affects executive 
functioning, likely caused by the structural, damage to the developing brain during pregnancy 
(Coles et al., 1997; Kerns et al., 1997; Kodituwakku, Handmaker, Cutler, Weathersby & 
Handmaker, 1995; Kodituwakku et al., 2001; Rasmussen, 2005). Problems associated with 
executive functioning amongst alcohol-exposed infants have been identified as early as 3 months 
of age with alcohol-exposed infants showing greater difficulty in maintaining and manipulating 
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three items of information simultaneous, compared to non-exposed subjects (Jacobson et al., 
1993). Using several neurodevelopmental tasks tapping active executive functions amongst 
school-going children, Kodituwakku and colleagues (1995) maintain that delays associated with 
executive functions form the basis for most cognitive impairment described amongst individuals 
with FAS, with deficits associated with academic and later functioning, dysfunctions in 
behaviours and daily functioning (Bishop & Gahagan & Lord, 2007; Kelly, Day & Streissguth, 
2000; Kodituwakku et al., 2001; Rasmussen, Wyper & Talwar, 2009; Schonfield, Paley, Frankel 
& O’Connor, 2006; Steinhausen, 1995; Streissguth et al., 1991; Thomas, Kelly, Mattson, Riley, 
1998; Whaley, O’Connor & Gunderson, 2001; Rasmussen, et al., 2009). Studies have indicated 
that individuals with a FAS diagnosis demonstrate similar executive functioning deficits as those 
exposed to some levels of alcohol, with both groups performing worse than controls 
(Kodituwakku et al., 1995; Kodituwakku et al., 2001; Mattson et al., 1999). Kodituwakku et al. 
(2001) describe the predictive relationship between neuropsychological measures of executive 
functioning and behavioural problems in alcohol-exposed children. Behavioural and emotional 
issues associated with prenatal alcohol exposure and typical childhood developments are further 
described in section 2.7.4.  
 
While Piaget believes cognition is primarily based on biological determinants intrinsic to the 
child, Vygotskian thinking postulates that cognitive abilities are formed and built up in part by 
interactions with the social environment (Vygotsky, 1978; 1986). Researchers describe the 
complex interplay of biological factors (genes, brain growth and neuromuscular maturation) and 
environmental influences (parent-child relationships, community characteristics, cultural norms) 
on early childhood development (Gottlieb, 1991; Pollitt, 2000; Shonkoff & Phillips, 2000). 
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Negative effects of socio-economic status on children’s school readiness in the US are believed 
to be mediated by attention processes, suggesting that low quality, environments affect cognitive 
development in part by decreasing children’s abilities to attend (NICHD, 2003). Increasingly, 
research demonstrates that cognitive abilities may be as strongly affected by the quality of the 
environment as they are by genetics (Shonkoff & Phillips, 2000). The cognitive, social and 
emotional development of children is generally promoted by caregivers who are responsive and 
interacting than compared to those from less stimulating homes (Shonkoff & Phillips, 2000).  
While little is known of the epigenetic influences of cognitive abilities, it seems likely that their 
impact may prove more important than conditions of poverty, malnutrition and ill health. Twin 
study findings suggest the importance of genetic influences, which contribute to approximately 
half of the variance in cognitive abilities (Kovas, Haworth, Dale & Plomin, 2007). Regardless of 
the factors associated with cognitive development, it becomes evident that language parallels 
higher-order development, not only forming an important part of overall cognition but offers an 
essential, early indicator of a child’s overall development.  
2.7.3 Language skills. 
Long before the emergence of the first word, language development begins (Bloom, 1998). 
Critical for socialisation and academic success, language skills allow for the understanding of 
directions and the ability to be able to communicate thoughts and feelings to others. Early 
indicators during infancy include babbling, pointing and gesturing, with first words and 
sentences emerging in the first two years leading to the rapid expansion of words between ages 2 
and 3 years (Woodward & Markman, 1998). Overall, literature suggests children with FASD 
exhibit impairments in areas such as word articulation, naming ability, word comprehension and 
both receptive and expressive language skills comprehension (Abkarian, 1992; Becker et al., 
48 
 
1990; Carney & Chermak, 1991, Church et al., 1990; Conry, 1990; Fried & Watkinson, 1988; 
1990; Fried, O’Connell & Watkinson, 1992; Janzen et al., 1995; Mattson & Riley, 1998; Mattson 
et al., 1998; McGee et al., 2009). 
 
Developmental theories, disagree on the roots of language development, with no one theory 
adequately explaining learning and language development in the first three years. According to 
Skinner (1957) language is learnt through reinforcement, with children imitating what they see 
and hear in exploring their environment while in contrast, Chomsky (1959) believed that speech 
is acquired by maturation, in much the same way as basic motor skills. Perhaps the most holistic 
viewpoint is that of Piaget (1963) who saw language development as being an example of 
symbolic behaviour, dependent on the child’s interaction with the environment. Table 3 
summarises key language milestones. 
Investigations into the language skills of children with prenatal alcohol exposure have produced 
inconsistent results, likely due to variations between studies in methodologies, subject 
characteristics and task characteristics, with fewer still cohort studies examining the relationship 
between PAE and delayed language development in preschool children (Abel & Hannigan, 1995; 
Carney & Chermack, 1991; Church et al., 1997; Conry, 1990; Fried & Watkinson, 1988; 1990; 
Greene, Ernhart, Ager, Sokol, Martier & Boyd, 1991; Greene, Ernhart, Martier, Sokol & Ager, 
1990; Janzen et l., 1995; Kaplan-Estrin, Jacobson & Jacobson, 1999; Kodituwakku et al, 2011; 
Mattson et al., 1998; O’Leary, Zubrick, Taylor, Dixon, Bower, 2009). 
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Table 3 Early Language Milestones  
Early Language Milestones 
Age of Child Typical Language Development 
6 months • Vocalization with intonation 
• Responds to his name 
12 months • Uses one or more words with meaning 
• Understands simple instructions, especially if vocal or physical cues are 
given 
24 months • Can name a number of objects  
• Combines words into a short sentence 
•  Responds to such commands as “show me your eyes (nose, mouth, hair)” 
36 months • Use pronouns I, you, me correctly 
• Handles three word sentences easily 
• Should be able to give his sex, name, age 
48 months • Names common objects in picture books or magazines 
• Knows one or more colours 
• Can repeat 4 digits when they are given slowly 
• Can usually repeat words of four syllables 
60 months • Can use many descriptive words spontaneously 
• Knows common opposites 
• Can count to ten 
• Should be able to repeat sentences as long as nine words 
• Should be able to define common objects in terms of use (hat, shoe, chair) 
• Should know his age 
Source. Adapted from Molteno, (1991). Psychomotor Development, in Child Health for All: A Manual For Southern 
Africa 
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Overall, literature suggests children with FASD exhibit impairments in areas such as word 
articulation, naming ability, word comprehension and both receptive and expressive language 
skills comprehension (Abkarian, 1992; Becker et al., 1990; Carney & Chermak, 1991, Church et 
al., 1990; Conry, 1990; Fried & Watkinson, 1988; 1990; Fried, O’Connell & Watkinson, 1992; 
Janzen et al., 1995; Mattson & Riley, 1998; Mattson et al., 1998; McGee et al., 2009). 
 
Results amongst younger children are more variable with Greene et al. (1990) describing no 
significant receptive or expressive language impairments in exposed children aged between 1-3 
years of age. In contrast, Fried and Watkinson (1988; 1990) found reduced language 
comprehension at 13 months, 2 and 3 years but failed to find language deficits in the same cohort 
at ages 4, 5 or 6 years. Similar associations were reported by Coles et al. (1991) who failed to 
find any association between alcohol exposure and the language ability of a group of children 
aged 5 years 10 months. Younger children tend to show global deficits, while older children 
display deficits in specific areas, such as syntax and pragmatics or social communication with 
effective social communication requiring complex cognitive skills (Abkarian, 1992; Carney & 
Chermack, 1991; Coggins, Timler & Olswany, 2007; Shaywitz, Caparulo & Hodgsons, 1981). 
The link between language and cognitive development is well known demonstrating that 
impairments in language impairments often exhibit deficits in non-linguistic cognitive domains 
including those associated with executive functions (Arvedson, 2002, Johnson, Im-Bolter, 
Pascual-Leone, 2003, Schul, Stiles, Wulfeck & Townsend, 2004). The development of language, 
regardless of prenatal alcohol exposure, provides important evidence of central nervous system 
(CNS) veracity and remains an important milestone for children, as well as a good indicator of 
overall development (Coplan et al., 1998). Considered as the most cognitive of the GMDS-ER 
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subscales, language acquisition has the highest correlation with intelligence, indicative of overall 
cognitive development (May et al., 2007). Lags in vocabulary growth may be indicative of less 
infant directed speech, suggesting the impact of home environments (Hart & Risley, 1995). 
Studies in the United States have shown children from low income families develop slower 
vocabularies and speak fewer words than their higher income counterparts by preschool (Hart & 
Risley, 1995). Not only is language development important in the overall cognitive development 
but it forms an integral part of emotional and social development, linguistic and social skills 
continuously being developed as children interact with their environments (Piaget, 1952; 
Bowlby, 2000; Vygotsky, 1978; 1986; Bronfenbremmer, 1979; Bronfenbrenner & Ceci, 1994).  
2.7.4 Social/emotional skills.  
Social development is comprised of socialization, where we are deliberately taught and trained 
by parents and others about how to fit in and function in society, which occurs with or without 
formal schooling, as we learn about our culture by observing others (Segall, Dasen, Berry & 
Poortinga, 1999). Traditionally, Personal-Social development was seen as falling outside of the 
scope of the intelligence construct, yet researchers have since realized that social development is 
important in forming an integral part of a child’s general development, with direct and profound 
effects on other developmental domains (Parker & Asher,1987; Saami, Mumme & Campos, 
1998). Assessments of child development, especially during the pre-school period, are now 
strongly urged to consider personal-social development (Griffiths, 1970; Nuttall et al., 1992). 
Benner (1992) maintains aspects of this domain of development are multifaceted, including, the 
development of attachment, the growth of self, the emergence of emotions, and the development 
of adaptive behaviours which includes self-care. Through socialising with others, we begin to 
understand our thoughts, feelings, adaptability and temperament. While Erikson's theory of the 
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stages of psychosocial development provides an adequate description of psychosocial 
development, its focus lies on the development of personality as a function thereof, describing 
the impact of social experience across the whole lifespan. Table 4 highlights Erickson’s stages, 
which apply to children, in the sample, from birth to 5 years of age.  
 
According to Erikson’s theory, healthy adjustment to various phases occurs with the child able to 
solve basic conflicts in a positive manner (Erikson, 1982; Tomlinson-Keasey, 1985). Often 
characteristic of children with FASD, children are unable to discern the thoughts and feelings of 
others are more likely to behave aggressively. Warm, responsive relationships with caregivers 
prove essential for teaching children to trust, and for acquiring early strategies for dealing with 
frustration, fear and other negative emotions, (Bowlby, 2000; Thompson & Raikes, 2006). 
Bowlby argued that as the child becomes more autonomous, the quality of emotional attachment 
of the parent regulates the child’s willingness to explore, returning to the mother as a base, as he 
or she discovers the surroundings. A secure attachment relationship is thought to lead the child 
into a range of psychologically healthy developmental pathways. Vygotsky’s influential learning 
theory proposes that children learn actively and through hands-on experiences, suggesting that 
higher order functions originate as actual relationships between individuals with parents, 
caregivers, peers and the culture (Vygotsky, 1978). 
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Table 4 Erikson’s Epigenetic Sequence of Psychosocial Development 
Erikson’s Epigenetic Sequence of Psychosocial Development 
Stage of Childhood Psychosocial Outcome Social Achievement and Consequence 
Infancy (birth to 11 years) : 
Oral–sensory 
Trust versus Mistrust Mutuality of 
interests, 
attachments 
Withdrawal, Depression 
Toddlerhood (2-3 years): 
Muscular-anal 
Autonomy versus shame and 
doubt, in which the issue 
is whether the child can feel 
independent of others 
Self-control, 
Personal esteem 
Failure, dependence 
Childhood (4-5 years): 
Locomotor-genital 
Initiative and responsibility 
versus guilty functioning, in 
Which the issue is whether, 
the child can feel competent 
and be active 
Adventure; 
participation 
Seclusiveness 
Source. Adapted from Newman and Newman (1987). Development through life: A psychosocial approach. Chicago, 
IL: Dorsey Press. 
 
Increased evidence supports the notion that FAS or PAE affected individuals experience a wide 
range of deficits in adaptive skills and problem behaviours (Burd et al., 2003; Mattson & Riley, 
2000; Steinhausen, 1995). Infants with FAS show signs of hyperactivity to sensory stimuli, 
irritability, self-soothing problems, general hyperactivity and attachment difficulties (Coles et al., 
1991; O’Leary, 2004). Young children with FAS tend to be impulsive, uninhibited, intrusive, 
insensitive to social cues, lacking in social judgement, overly friendly and excessively 
demanding affection and physical contact (Green, 2007; Mattson et al., 2001). Hyperactivity and 
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attention problems are amongst the most frequently reported symptoms associated with prenatal 
alcohol exposure with literature suggesting links between FASD and attention deficit 
hyperactivity disorder (Kodituwakku et al., 1995, Mattson & Riley, 2000, Coles et al., 1997; 
Kodikuwakku et al., 2006; Nanson & Hiscock, 1990). Children with FASD often lack social 
judgment and show poor attentional functions making learning from consequence difficult which 
make learning from consequence difficulty (Abkarian, 1992; Kodikuwakku et al., 1995; 
Kodikuwakku et al., 2006; Olson et al., 1998). Adolescents and adults with FAS frequently 
display poor communication and socialisation skills, such as poor judgement, difficulty 
perceiving social cues, overly demanding of attention, stubbornness, bragging, and an inability to 
respect personal boundaries for their age (Mattson et al., 2001). However, reports suggest 
differences in neurocognitive and behavioural characteristics between children with FAS and 
PAE and those with a primary diagnosis of ADHD (Coles et al., 1997). Further differences in 
adaptive skills have been noted, with alcohol-affected children demonstrating an arrest in 
development of adaptive ability and more likely to exhibit antisocial behaviours, show a lack 
consideration for others and resist limits and requests by authoritarian figures (Carmichael-Olson 
et al., 1997; Crocker, Vaurio, Riley & Mattson, 2009; Roebuck et al., 1999; Thomas et al., 1998; 
Whaley et al., 2001). In a study based on the parental responses of adolescents with FASD 
significant socialization domain problems were identified in particular, those of the failure to 
consider consequences of one’s actions, the lack of responsiveness to social cues and poor 
interpersonal relationships (Streissguth et al., 1991). These difficulties in socialisation make 
interacting with others and their environments difficult, forcing children and adults to internalise 
feelings, which in turn may manifest as low self-esteem, social isolation and mood disorders 
(Bronfenbrenner., 1979; Bronfenbrenner & Ceci, 1994; Burd et al., 2003; O’Connor et al., 2002). 
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While it is clear that heavy prenatal alcohol exposure causes structural damage affecting 
functional abilities and specific domains, developmental delays are likely confounded by various 
biological disadvantages, which children carry with them from birth, causing a cumulative 
impact on early childhood (Breitmayer & Ramey, 1986; Rutter, 1979; Sameroff, Seifer, Baldwin 
& Baldwin, 1993). Studies in early childhood development emphasise the importance of 
considering relevant covariates in their effects on childhood development (Engle et al., 2007; 
Neuspiel, 1994; Viljoen et al., 2002, 2005). The following section briefly describes the 
cumulative effects of some key socio-demographic factors which may further exacerbate delays 
associated with early childhood development, over the domains, discussed in this section.  
2.8 Cumulative Risk Factors Associated With Early Childhood Delays 
Developmental outcomes are influenced by a number of biological, social and family risk factors 
(Breitmayer & Raemy, 1986; Bronfenbremmer, 1979; Bronfenbrenner & Ceci, 1994; Rutter, 
1979; Sameroff et al., 1993). The developing child is seen by Bronfenbremmer, in his theory of 
ecological development (1979), as being at the centre of a set of interconnected systems 
impacting directly or indirectly. According to the ecological theory as shown in Figure 1 if 
relationships in the immediate microsystem, i.e. family, mother and/or father, break down, the 
quality of the child’s ability to explore other parts of his environment decreases. Children 
looking for the affirmations that should be present from the child/parent (or child/caregiver) 
relationship, look for attention in inappropriate places with deficiencies often presenting as anti-
social behaviour, lack of self-discipline, and inability to provide self-direction, especially in 
adolescence (Addison, 1992). Similar behaviours are reported amongst children with prenatal 
alcohol exposure, as described earlier in section 2.4 (Abkarian, 1992; Carmichael-Olson et al., 
1997; Kodikuwakku et al., 1995; Roebuck et al., 1999). For optimum growth and development 
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children need a loving and secure environment. While physical needs are being met their 
emotional and psychological needs also have to be fulfilled. Love, care, attention and guidance 
allow children to develop into stable, well-adjusted and sociable adults. Healthy mother-child 
interactions are seen as being essential in developing stable and loving relationships. Based on 
the love and affection received by infants from their mothers they learn to trust. They grow by 
watching, imitating and being guided by her (Bowlby, 2000; Klein, 2001; Rye, 2001). Children 
in an orphanage from a study conducted in Iran (Hunt, 1983, cited in WHO, 1997) show no 
interest in social interaction. In general, these children showed a lack of normal development in 
language, social and emotional skills. When these children were compared to a group receiving 
early stimulation and social enrichment, the difference of 3 standard deviations in IQ between 
groups is striking (Hunt, 1983). While all adults have the capacity to love and guide children 
under their care external factors may further inhibit their ability to do so effectively, such as 
poverty, stress of daily living, ill health, depression, addictions or other emotional problems. 
While the current study did not include mother-child interactions as a variable it is important to 
reflect on the link between it and the quality of parenting amongst children with parents 
consuming large amounts of alcohol.  This study contributes to the effects of the “nature” view 
in the age old “nature/nurture” debate.  
The question Bronfenbrenner’s ecological model poses is, given that development continues on a 
specified path, how does the world, surrounding the child help or hinder their developmental 
course? As the child develops both physically and cognitively, the interaction between systems 
becomes more complex further influenced by confounding variables. Adverse developmental 
outcomes of children living in poverty are likely due to the cumulative effects of exposure to 
57 
 
increasing numbers of risk factors, becoming more apparent with age (Glascoe, 2001; Laughton 
et al., 2010; Rydz, Shevell, Madjnemer & Oskoui; 2005). 
 
Figure 1. Bronfenbrenner’s Ecological Model of Child Development 
 
From an ecological viewpoint, developmental delay and FASD are both often the end result of a 
complex interaction between diverse social, political, environmental and genetic risks. Some risk 
factors associated with FASD, for example, cannot be changed, such as the mother’s maternal 
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genotype for alcohol metabolism and ethnicity (Stoler, Ryan & Holmes, 2002). In other words, 
more cumulative risks are related to poorer cognitive development, psychological distress and 
behaviour problems and development of communication and symbolic behaviour (Hooper, 
Burchinal, Roberts, Sameroff et al., 1993; Sameroff, Seifer, Barocas, Zax & Greenspan, 1987). 
Studies concur that when examining prenatal alcohol exposure, it is important to consider 
relevant covariates, with findings describing how risk factors often co-occur and interfere with 
children’s development (Baker–Henningham et al., 2003; Bradley & Corwyn, 2002; Engle et al., 
2007; Hamadani & Grantham–McGregor, 2004; Hussong, Huang, Curran, Chassin & Zucker, 
2010; Neuspiel, 1994; Viljoen et al., 2002, 2005). The cyclical nature of prenatal alcohol 
exposure, biological risk factors and adverse postnatal environment exacerbate each other further 
contributing to generalised and/or specific atypical central nervous system development. While 
attention has been placed on the impact of prenatal alcohol exposure on developmental abilities, 
in section 2.7 Figure 2 serves to place biological risk factors and adverse environmental 
environment into context in understanding their cumulative effect on early childhood 
development. 
 
Adverse postnatal environments strongly influence elementary and more specific developmental 
functions, with research further suggesting the impact of other confounding factors such as; 
maternal nutrition, poor maternal education, increased maternal stress and depression, larger 
family sizes and general lack of stimulation (Baker–Henningham et al., 2003; Bradley & 
Corwyn, 2002; Brooks–Gunn & Duncan, 1997; Brooks-Gunn, Klebanov & Duncan  1996; 
Brooks-Gunn, Guo & Furstenberg, 1993; Chetty, 2012; Cockcroft et al., 2008; Ensminger & 
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Fothergill, 2003; Gale et al., 2006; Grantham–McGregor, et al., 2007; Hack et al., 1995; 
Hamadani & Grantham–McGregor, 2004; Kirksey et al., 1994; Lalloo, 1997; Mistry, Biesanz, 
Taylor, Burchinal & Cox, 2004; Richards et al., 2002; Shenkin et al., 2004; Short, 1987; Silva et 
al., 2006; Sirin, 2005).  
 
Figure 2. Pathways connecting cumulative risk factors and poor child development 
Adapted from (Elliot & Bower, 2004; Kodituwakku et al, 2011 & Walker et al., 2007) 
 
While prenatal alcohol exposure is likely a contributing factor to poor overall development, 
research has shown that gender and ethnic differences further impact early developmental ability 
over various domains (Bygren, Kaati & Edunsson, 2001; Herman, Acosta & Chang., 2008; Kapil 
et al., 2007; Mick et al., 2002; Pembrey et al., 2006; Rasmussen, Horne & Witol, 2006; 
Weinberg, 1992). The tendency to conceptualise the results of gender based research findings 
within the context of verbal, quantitative, and visual-spatial abilities has been heavily criticised 
(Halpern, 1997; Naglieri & Rojahn, 2001). Evidence suggests that specific areas of the male and 
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female brain, rather than developmental abilities associated with language, spatial memory, 
motor coordination and social adaptive functioning, may differ in their rate of development 
(Hanlon, Thatcher & Cline, 1999). A pattern of differences is clearly evident, indicating that 
boys are better at certain tasks and skills, such as spatial tasks and mathematical problem 
solving, whereas girls do better in terms of verbal fluency, writing ability and perceptual speed 
(Arcenaux, Cheramie & Smith, 1996; Born, Bleichrodt & Van Der Vlier, 1987; Blakemore, 
Berenbaum & Liben, 2009; Halpern, 2000; Maccoby & Jacklin, 1974). While previous findings 
during infancy suggest no motor ability differences based on gender, variations emerge after 2 
years (Blakemore et al., 2009; Mondschein, Adolph & Tamis-LeMonda, 2000). Girls perform 
better than boys in terms of fine motor abilities, with boys outperforming girls on tasks related to 
muscular strength, such as ball throwing and distance (Karapetsas & Vlachos, 1997; Pollatou, 
Karadimou & Gerodimos, 2005; Thomas & French, 1985). These differences may have more to 
do with physical skill, than developmental ability. Earlier research focusing on language 
development suggests that while girls generally learn to talk slightly earlier than boys, these 
differences were not statistical significant (Maccoby & Jacklin, 1974). More recent studies have 
found that girls between the ages of 2 and 6 years are slightly ahead of boys in terms of most 
language measures, particularly that of vocabulary growth (Berglund, Eriksson & Westerlund, 
2005; Fenson et al., 1994; Galsworthy, Dionne, Dale & Plomin, 2000; Morriset, Barnard & 
Booth, 1995; Rome-Flanders & Cronk, 1995). While these findings indicate advancements in 
girl’s language development during early childhood, boys eventually catch up (Blakemore et al., 
2009). Girls also tend to have fewer speech disorders, such as stuttering and dyslexia, than boys 
(Halpern, 2000; Hyde & McKinley, 1997). 
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Some differences have been found by researchers in visual-spatial ability as early as the infant 
years. According to Reinisch and Sanders (1992), females have a perceptual advantage during 
early infancy, with fluency differences emerging from 2 years. In a study reviewing literature on 
gender differences amongst pre-schoolers, Levine, Huttenlocher, Taylor and Langrock (1999) 
describe pre-school boys as being more accurate than girls at spatial tasks that measure accuracy 
of spatial transformations scoring higher on the Mazes subtest of the Wechsler Pre-school and 
Primary Scale of Intelligence. They concluded that gender differences in favour of boys are 
present on spatial tasks by age 4 years 5 months, with similar findings reported by Halpern 
(1993). In summary, boys are more advanced in spatial and motor skills than girls while girls 
were found to be more advanced over cognitive, fine motor and language ability than boys 
(Edwards, 1975; Kruger, 1983; Townes, Trupin & Fay, 1980). 
 
Studies reporting associations between lower birth weight or head circumference at birth and 
poorer developmental performance have mainly focused on “high-risk” individuals (born of low 
birth weight, premature or intrauterine growth restriction (IUGR) (Hack et al., 1995; Bhutta, 
Cleves, Casey, Cradock & Anand, 2002). Research conducted in developing countries further 
suggest decreased infant birth anthropometrics are likely associated with poor maternal nutrition 
influencing central nervous system development and later functional development in adulthood 
(Brown & Pollitt, 1996; Fattal–Valevski et al., 1999; Grantham–McGregor & Fernald, 1997). In 
a study conducted in South India on healthy children aged 9-10 years of age born full term, 
findings suggest birth weight and head circumference at birth were positively associated with 
two tests of cognitive function measuring learning, long term storage, retrieval and visual-spatial 
ability, after controlling for potential confounders (Veena et al., 2010). Several previous studies 
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describe similar positive associations between birth weight and/or head circumference and 
subsequent cognitive abilities (Brennan, Funk, Frothingham, 1985; Gale et al., 2006; Silva et al., 
2006). While evidence suggests that small head circumference is associated with decreased 
cognitive abilities, size may have more to do with the prenatal environment or genetic factors, 
unless prenatal alcohol exposure is evident.  
Strong correlations exist between passive smoking and lower birth weight, with research 
describing associations between smoking, drinking and increased risk of preterm labour, low 
birth weight and growth restrictions (Odendaal et al., 2009; Rubin, Craig, Gavin & Suner, 1986). 
Earlier animal studies have similarly shown associations between paternal alcohol use and low 
birth weight, with later cognitive and behavioural delays (Cicero, 1994; Hegedus, Alterman & 
Tarter, 1984; Little & Sing, 1987). 
Research conducted on breastfeeding has been shown to reduce infant morbidity and develop 
closer mother-infant relations, with breastfed children from developing countries showing higher 
language abilities and improved motor abilities associated with duration of exclusive 
breastfeeding (Anderson, Johnstone & Remley, 1999; Beaver et al., 2010; Daniels & Adair, 
2005; Dewey, Cohen, Brown, Rivera, 2001; Grantham–McGregor, Fernald & Sethuraman, 1999; 
Jacobson & Jacobson, 1999; Jain et al., 2002; Kramer et al., 2008; Tozzi et al., 2012; Uauy & 
Andraca, 1995; Uauy & Peirano, 1999). Studies from developing countries further confirm 
improved motor abilities associated with duration of exclusive breastfeeding.  
 
Prenatal alcohol exposure causes devastating structural and functional abnormalities, associated 
with elementary or more specific cognitive and/or developmental deficits. While maternal 
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alcohol consumption and biological risk factors determine the extent of prenatal alcohol 
exposure, various socio-demographic factors, often themselves associated with heavy prenatal 
alcohol use compound already vulnerable communities, initiating the effects of cumulative risk 
factors on early childhood development. The following chapter provides an overview of the 
methods used in the current study, with reference to the study’s aims and objectives, research 
questions, sampling procedure and assessments used. 
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Chapter 3 - Method 
 
3.1 Introduction 
Literature reviewed in the previous chapter indicated that the majority of research studies 
investigating the effects of prenatal alcohol exposure tend to be cross-sectional in nature with a 
focus on either the cognitive or behavioural deficits typically measured during middle childhood. 
To augment the paucity of developmental research there is a need for long-term developmental 
profiles of infants exposed to varying degrees of prenatal alcohol, using an instrument which 
assesses development over various developmental domains. Despite both the original and revised 
Griffiths Scales being used for a number of theoretical and clinical research studies on South 
African communities, to our knowledge no studies have used both versions to assess and 
compare development of young children over time, with known prenatal alcohol exposure.  
 
This chapter presents the primary and specific aims of this research. It further defines the 
research methods used, namely the study design, sampling methods and instruments employed to 
collect the data. Finally, consideration is given to the research procedure and the data analyses 
used to answer the studies research questions. 
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3.2 Research Aims and Questions 
The primary aim, from which secondary aims and research questions were derived, was to 
describe and compare the longitudinal developmental relationships between three groups of 
children during early childhood, with varying degrees of prenatal alcohol exposure from an 
impoverished community of South Africa.  
 
Secondary aims sought to compare performance on the subscales and General Quotients (GQ) 
within each of the three groups over the two time periods, while a third aimed to investigate the 
relationship between infant developmental performance and later achievement at 5 years, over 
the GMDS/R subscales and General Quotient (GQ). Finally, the relationship between socio-
demographic factors on the developmental performance within each of the three groups, during 
infancy and at 5 years of age, was investigated, which formed the fourth aim.  
 
From these study aims, the following research questions were formulated, which guided the 
investigative process of the study. Statistical analyses used to answer the research questions are 
briefly described in section 3.8, with statistical findings further presented in detail in Chapter 5.  
3.2.1 Research question 1. 
What early childhood developmental differences exist between 3 groups, namely; 
FAS/PFAS, PAE and Non-exposed, over a period of 5 years? 
Since it is well known that excessive prenatal alcohol exposure has a negative impact on child 
development, it was hypothesized that the FAS/PFAS group would perform significantly poorly, 
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at both time points, over all developmental domains relative to the Control group. Research 
suggests that moderate prenatal alcohol exposure may be just as detrimental, therefore it was 
hypothesized that the PAE group would similarly perform significantly poorly over all 
developmental domains, at both time points, relative to the control group.  
 
Research has shown that children with heavy prenatal alcohol exposure continue to present with 
developmental delay over specific domains over time, it was hypothesized that findings within 
the FAS/PFAS group would suggest significantly poor performance when compared to the 
Control group (Streissguth et al., 1994). Since little research exists regarding the impact of 
moderate prenatal alcohol exposure on childhood development over time, a priori hypothesis 
within group comparison was not made.  
3.2.2 Research question 2. 
What is the relationship between infant developmental performance over subscales, 
measured by the Infant version of the GMDS (Time 1) and achievement at 5 years of age 
(Time 2) measured by the Child Version GMDS/ER? 
Since the GMDS/R was used to assess development at Time 1 and Time 2 albeit using different 
scale versions (Infant & Revised-Child) it was hypothesized that developmental performance at 
Time 1 on each developmental domain would be significantly correlated with the same domain 
at Time 2 for each group. While the constructs being measured for each domain would differ due 
to the developmental abilities of children at the two time points, it was expected that infants who 
performed poorly at Time 1 would continue to perform poorly into early childhood. 
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3.2.3 Research question 3.  
Which socio-demographic variables are associated with developmental achievement at 
infancy and 5 years of age? 
Given that research has shown the impact of environmental variables on developmental delay 
and considering the characteristics of the sample included in the present study, it was 
hypothesized that the developmental performance of all three groups, over specific domains, 
would be influenced by specific demographic and socio-economic variables at both time points. 
It was further assumed that the groups with structural damage due to prenatal alcohol exposure 
would perform worse over more developmental domains when performance was correlated with 
demographic and /or socio-economic variables.  
3.3 Research Design 
Having expanded the research topic, into the noted aims and questions, the research design 
serves to describe the practical progress of the study. In the context of the present research study 
a descriptive design was used to provide information regarding prenatal alcohol exposure further 
describing socio-demographic variables and conditions from a South African perspective. Since 
no variables were experimentally manipulated or controlled for, the design was considered non-
experimental, while an opportunity to define terms and clarify existing concepts provided for a 
more exploratory approach (Rosnow & Rosenthal, 1996). While flexible, the descriptive, 
exploratory nature of the design is typically unstructured proving difficult in explaining 
manipulations and measurements between variables (Knoesen, 2003). To strengthen the 
generalisability of findings, to which findings are valid and conclusions are sound, the 
longitudinal approach of the study further attempts to draw comparisons and identify causal 
relationships between variables, by following participants over time conducting repeated 
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observations (Jackson, 1995; Louw & Edwards, 1997). While this longitudinal approach adds to 
the generalisability of the study, further increasing its validity, reliability and minimizing 
personal bias, it falls short on providing a ‘human’ element of behaviour, attitude and perception. 
The inability of a qualitative method to investigate causality and the use of the questionnaire and 
developmental measures used to collect the numeral data of the study further motivates the 
quantitative approach. The following section provides details of the study sample, and the 
sampling procedures used.  
3.4 Background to Sample 
Participants were drawn from the town of De Aar, predominantly a sheep farming area in the 
Upper Karoo region of the Northern Cape which historically, offered the largest railway junction 
in South Africa. However, towards the end of the last century, operations were significantly 
reduced resulting in exceptionally high unemployment rates and complex social circumstances 
contributing to increased levels of alcohol abuse in the communities.  
 
Although a democratic society since 1994, in many communities, the structural and personal 
changes have yet to reach the majority of South African people at a grass roots level, with many 
living in conditions similar to those of the ‘apartheid’ era with changes made in the educational, 
social and financial spheres less obvious. In impoverished communities, structural adversities, 
such as political oppression and poverty or interpersonal hardships like accidents or illness 
remain prevalent with interpersonal troubles stemming from the larger structural adversities 
(Greenop, 2004). An example of this may be alcoholism, often exaggerated by structural stresses 
such as unemployment.  
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Studies exploring early childhood development have shown the impact of the child’s 
environment, on overall biological, cognitive, psychological and physical development (Barbarin 
& Khomo, 1997; Barbarin & Richter, 2001) especially those associated with socio-economic 
markers. Previous studies, describe delays associated with early childhood development as being 
confounded by poverty, nutrition and maternal health (Baker–Henningham, et al., 2003; Bradley 
& Corwyn, 2002; Engle et al., 2007; Hamadani & Grantham–McGregor, 2004; Hussong et al., 
2010; Neuspiel, 1994; Viljoen et al., 2002, 2005), while recent South African findings suggest 
socio-demographic variables such as the level of maternal education, maternal depression, high 
parity and previous loss of a child further contribute to overall developmental performance 
during early childhood (Cockcroft et al., 2008; Chetty, 2012). However, less is known as to 
which early childhood developmental domains are affected by which socio-economic factors and 
to what degree these are influenced by prenatal alcohol exposure during early childhood 
development. It is imperative that all studies dealing with the vulnerable aspect of early 
childhood development therefore consider these socio-demographic factors. This study seeks to 
understand these nuances while including the often ignored aspect of prenatal alcohol exposure. 
The following describes the sampling procedure utilised in the study.  
3.5 Sampling procedure 
The sampling procedure provides an imperative part of a research study adding to its overall 
validity. Researchers, generally, prefer probabilistic or random sampling methods as they prove 
more accurate and rigorous. However, due to the specific clinical characteristics associated in 
making a FAS/PFAS diagnosis, and the difficulty in identifying these individuals from a poorly 
resourced community, especially during infancy, a combination of purposive and convenience 
sampling was used in the current study (Kotras, 1998; Singleton et al., 1988).  
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Of the 500 recorded births in De Aar between 2002 and 2003, 392 families consented and 
completed both a clinical and developmental assessment at Time 1. Motivated by the central 
limit theorem, the maximum possible number of child and mother dyads was considered 
necessary to increase the sampling distribution to normality (Howell, 2002). In other words 
sample sizes of 30 or more show that “sample mean” distributions tend to approach normality. 
With the likelihood of some of the other investigated, independent variables being normally 
distributed, the probability of subsequent parametric statistical examinations was thereby 
increased (Murphy & Davidshofer, 2001). Figure 3 illustrates the sampling procedure, including 
details of the recruitment and attrition of participants. Of the 394 participants at Time 1, 135 
completed their clinical and developmental assessments at Time 2 (5 years). Sample attrition was 
expected, due to the longitudinal nature of the study and may further be explained by 
geographical mobility, infant/mother mortality, incomplete evaluations and assessments between 
time points and inconclusive maternal information. Due to logistical constraints, the sample was 
further reduced between Time 1 and Time 2 with healthy participants, not meeting the diagnostic 
criteria at Time 1, not invited back for follow-up at Time 2 (n=247). While one hundred and 
thirty five participants returned at Time 2 for clinical and developmental evaluations, only 121 
had completed a full maternal interview, forming the final study sample. Inclusion in the current 
study was based on full completion of the clinical examination and neurodevelopmental 
assessment at both Time 1 and Time 2 as well as the completion of a maternal interview (n=121).  
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Figure 3. Recruitment and attrition of participants for the study 
 
While participants were assigned a clinical diagnosis at Time 1 (7-12months), clinical features at 
5 years, considered definitively more accurate, was used to classify participants into one of three 
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groups. Forty one children were assigned to the FAS/PFAS group, 44 to the PAE group and the 
remaining 36 to the Control group. The relatively small sample size, typical in this kind of 
research, may be explained partly by the longitudinal nature of the study as well as the stringent, 
diagnostic criteria related to FAS/PFAS, especially amongst an infant sample (Cockcroft et al 
2008; Schuler, Nair & Harrington, 2003). A limitation associated with a smaller sample size is 
that of an increased standard error, limiting the representative nature of the findings from the 
sample, while influencing the distributions (Field, 2009). In other words, because not all 
participants from the community have an equal chance of being part of this study sample, 
findings cannot be considered representative of general early childhood development within the 
community. However, the longitudinal attribute of the study adds to its statistical power, 
providing an important description of developmental profiles amongst young children 
specifically with prenatal alcohol exposure.  
For purposes of investigating the research aims and questions, three measures were used to 
collect the necessary data from maternal-child dyads. Each measure is discussed below and 
where applicable details regarding the psychometric properties and evidence of cultural validity 
and reliability are included. While the order of the measures presented below reflects their 
sequence of administration, they were not all completed on the same day.  
3.6 Assessments 
3.6.1 Clinical diagnostic evaluation. 
As detailed in Chapter 2, commonly, four clinical diagnostic schemas exist, all retaining the 
three key diagnostic features of; prenatal/postnatal growth deficiency; characteristic pattern of 
facial anomalies and evidence of CNS dysfunction (Astley & Clarren, 2000; Bertrand et al., 
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2005; Chudley et al., 2005; Hoyme et al., 2005; Jones & Smith, 1975). Differences between 
criteria have been related to the number of facial characteristics considered necessary to 
definitively obtain the FAS diagnosis (Riley, Infante & Warren, 2011). Well established and 
reliable, the Hoyme-Revised IOM criteria were used by specialist clinicians with dysmorphology 
training at Times 1 and 2 (Hoyme et al., 2005; IOM, 1996; Stratton et al., 1996). In order to meet 
a FAS diagnosis, participants who had ≥2 of the characteristic facial features; short palpebral 
fissures (<10th percentile), thin vermillion border (rank 4 or 5), smooth philtrum (rank 4 or 5); 
evidence of growth retardation; where height and weight ≤10th percentile and evidence of CNS 
involvement; where head circumference (OFC) ≤10th percentile or structural brain abnormality, 
were assigned to the FAS group. Those with at least two of the three characteristic FAS facial 
features and evidence of growth retardation of either; height or weight (≤10th percentile) or head 
circumference (≤10th percentile) or an abnormal neurocognitive assessment, received a Partial 
FAS (PFAS) diagnosis (Hoyme et al., 2005). While according to the Hoyme et al. (2005) criteria, 
a FAS/PFAS diagnosis may be considered clinically distinctive, even in the absence of a history 
of maternal alcohol consumption in pregnancy. Maternal alcohol use during pregnancy, in the 
current study was obtained from the maternal interview with all children in the FAS/PFAS 
group, with a confirmed alcohol exposure during pregnancy. Participants with either a clinical 
FAS or PFAS diagnosis were assigned to the FAS/PFAS group (Hoyme et al., 2005).  
 
While the Hoyme et al., (2005) schema provide criteria regarding Alcohol Related Birth Defects 
(ARBD) and Alcohol Related Neurodevelopmental Disorder (ARND), these subtler neurological 
features, with particular reference to ARND, prove harder to detect during infancy. Participants 
whose mothers acknowledged drinking prior to and/or during pregnancy but lacked sufficient 
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clinical evidence of the typical FAS/PFAS features, were assigned to a Prenatal Alcohol 
Exposure (PAE) group, deemed appropriate in representing those with possible ARBD, ARND. 
Finally, those with no evidence of FAS/PFAS features and a confirmed history of no to low 
(<7units alcohol per week prior to pregnancy recognition) exposure prior to the pregnancy, were 
assigned to the Control group. Anthropometric information related to birth measurements, such 
as birth weight, length and head circumference was obtained by the clinician during the 
examination, from the Road to Health birth card.  
3.6.2 The infant and extended versions of the Griffiths Mental Developmental Scales 
(GMDS/ER). 
The predictable and sequential nature of child development leads to the use of an instrument that 
identifies behaviours typical to age appropriate levels of development (Lidz, 2003). One of the 
most widely used assessment tools; the GMDS/ER focuses on both cognitive and physical 
development across early childhood from birth to 8 years of age and has been considered an 
objective developmental rather than intellectual test (Breakwall et al., 2006). Identifying both 
specific areas as well as overall development is essential when assessing early childhood 
development. Researchers agree that when assessing a child’s mental development, a full 
investigation of motor, social and cognitive abilities should be undertaken (Bondurant-Utz & 
Luciano, 1994; Meisels, 1996; Nuttal et al., 1992).  
 
Originally developed in 1954 by Ruth Griffiths, the GMDS were the first published scales 
designed to assess infant and child development in the following skills areas of; Locomotor, 
Personal–Social, Language, Eye and Hand Co-ordination, Performance and Practical Reasoning 
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(included from ages 2-8years) (Griffiths, 1954;1984). Due to the longitudinal nature of the 
current study, both the infant and child scale sets of the GMDS/ER were used. The revised 
version of the GMDS/ER was used on the older child set at their second assessment, and were 
unavailable for the infant scale set, where the original version was used (2006 revision). The 
following section provides a brief description of each subscale forming the GMDS/ER. Original 
validation research on the Griffiths Scales, conducted in the 1960’s, yielded a positive and 
moderately high correlation between each subscale and the General Quotient (GQ) with Griffiths 
(1970) suggesting that this correlation indicated a common factor of general intelligence in each 
subscale. The following provides a description of each subscale, assessed by the GMDS/ER.  
 
The Locomotor Subscale assesses gross motor skills such as balance, co-ordination and the 
control of movements. Physical strength, skill in speed and rhythm are further measured. The 
scale measures the series of developing skills that result in the achievement of an upright posture 
leading on to learning to walk, run and climb. Items include age appropriate tasks such as sitting, 
walking unaided, kicking a ball and hopping on one foot. While locomotor development tends to 
mirror general development in young children, low correlations have been described with later 
cognitive achievement (Luiz et al., 2004). 
 
The Personal-Social Subscale measures the child’s level of independence, self-help skills, co-
operation in play and general socialising skills. This scale is often influenced by emotional 
factors with both the overprotected and neglected children usually performing poorly on this 
subscale (Griffiths, 1984). Age appropriate items include the child’s ability to dress and undress, 
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fastening buttons, and efficacy at the table. Through a friendly interaction with the child further 
information such as child’s age, surname and number of friends at school can be obtained. Most 
of this information is based on questions posed either to the children themselves, if they are old 
enough, or accompanying mothers/caregivers influencing the subjective nature of this subscale. 
A number of questions within this scale, are language based, therefore it is important to take this 
subscale into account when interpreting results of the Language subscale.  
 
The Language Subscale is the most intellectual of the subscales which assesses both the child’s 
receptive and expressive language use and skills. Poor performance may not necessarily indicate 
low intellectual functioning, but may be explained by partial or complete hearing loss, lack of 
stimulation or mixed language families (Kotras, 1998; 2003). Auditory memory and the child’s 
understanding of similarities and differences are considered in this scale. Age appropriate items 
include the number of words used, naming and identifying of objects and colours, understanding 
the meaning of words, providing differences and similarities and being able to comprehend 
situations. In the GMDS-ER, this subscale is known as the Language subscale, while in the 
Infant Version it is referred to as the Hearing and Language subscale (Kotras, 1998; 2003; Luiz 
et al., 2004). For purposes of consistency, it is referred to as the Language subscale.  
 
The Eye and Hand Co-ordination Subscale involves an assessment of the child’s fine motor 
skills, manual dexterity and visual perceptual skills, necessary for many school related tasks. Co-
ordination, persistence and care for work are also measured while information regarding 
perception of space and form- relations can also be obtained (Kotras, 1998; 2003). The age 
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appropriate items which form this scale involve tasks such as drawing, threading beads and 
cutting with scissors.  
 
The Performance Subscale assesses the child’s manipulation skills, work speed and precision 
while including that of visual spatial skills. The scale is measured through the completion of 
tasks such as building towers and bridges out of blocks, form boards and timed, pattern 
completion tasks. The previous Eye-Hand Co-Ordination and Performance subscales require 
demonstration of the child’s ability to carry out fine motor tasks.  
 
The Practical Reasoning Subscale only introduced to children over the age of 2 years, assesses 
the ability to solve practical problems, understand basic mathematical concepts about moral and 
sequential issues. Age appropriate items include counting, questions relating to height, weight 
and length or knowledge of the days of the week. Attention and the ability to concentrate play a 
major role in assessing the child’s performance on this subscale as well as the other five 
subscales (Luiz et al., 2004b; Sweeny, 1994). This subscale involves the assumption of the 
cognitive maturation of a sufficient level of general cognitive abilities and skills, therefore a poor 
performance on this subscale, if associated with a low score on the Performance subscale, may 
indicate a developmental delay/learning difficulty (Luiz et al., 2004). In addition, the Practical 
Reasoning subscale includes a lot of language based items, and children with speech and 
language delays may perform poorly on this subscale.  
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Administration and scoring procedures as described in the original and revised analysis manuals 
were followed (Griffiths, 1954, 1984; Luiz et al., 2004). Items of both the GMDS and-ER are 
arranged in sequential order of difficulty for each age group (Luiz et al., 2006; Stewart, 2005) 
with the scale content changing with age. Thus, although the subscales assessed between 
versions do not change, with the exception of the addition of the Practical Reasoning subscale for 
the 2-8 year old scale, items being tested on each subscale vary, according to age and 
developmental abilities (Allan et al., 2002).  
 
Test items were administered, starting 4 months below the child’s chronological age with the 
first six consecutive items passed considered the basal score, while six consecutive failed items 
formed the ceiling score (Bhamjee, 1991; Griffiths, 1984). Incidentally, items failed below the 
basal or passed above the ceiling were not penalised or credited (Luiz et al., 2006).While the 
general quotient (GQ) is a composite of all subscale scores, each scale can also be used alone, 
with consensus means ranging between 99.79 and 100.46, with standard deviation scores from 
0.58 to 17.43 (Adnams et al., 2001). In other words, a standard score of 100 in any subscale, 
would place the child’s performance within the average range, whereas a score below 70 
(<2standard deviations) would indicate a significant degree of developmental delay or learning 
disability in that subscale (Luiz et al., 2004). Due to the unavailability of South African norms 
for the GMDS and-ER versions, and given the socio-economic and educational differences 
between the South African and United Kingdom samples, it would be inappropriate to compare 
standardised norms. Furthermore, the use of two versions of the GMDS and-ER at different 
points in time, with differing means and standard deviations, required that scores be presented in 
equal units, therefore z scores were calculated (Ivens & Martin, 2002). Raw scores for both the 
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infant and the childhood versions for each of the GMDS/ER subscales and the summed general 
quotient (GQ) corrected for prematurity at Time 1 were converted to individual z–scores, where 
the raw score minus the mean score, is divided by the standard deviation (Field, 2009). Z-scores 
expressed in terms of standard deviations from their means, resulted in these z-scores having a 
standardised distribution with a mean of 0 and a standard deviation of 1. Owing to the absence of 
population means and standard deviations for the South African population of the GMDS/ER, 
scores were calculated from the study sample as a whole. With norm scores of the GMDS/ER 
ranging between 50 and 150 for each scale, scores less than 50 were assigned the lowest nominal 
value of 50 to reflect a score of <-3 SD below the mean for statistical purposes. Deviations of an 
individual’s standardised z- score from that of the normative mean were used to classify 
developmental impairment or delay over specific subscales, scores ≤-2 SD indicated significant 
developmental delay while those ≥-2 indicated no delay (Field, 2009).  
 
Although various research studies have made use of the GMDS/ER over many different 
populations in South Africa, showing good test-retest reliability, as well as the ability to predict 
long term development, no South African standardisation exists yet (Allan, 1988, 1992; 
Bhamjee, 1991; Cockcroft et al., 2008, Heimes, 1983; Kotras, 2001, Lombard 1989; Luiz et al., 
2006; Mothuloe, 1990; Stewart, 1997). South African studies have contributed to restructuring 
the items on the revised editions making them non-threatening and reasonably culturally fair 
with some cultural developmental differences reported which may be influenced by external 
variables, such as socio-economic status and levels of maternal education (Cockcroft, et al., 
2008; Houston-McMillan, 1988). The usefulness of a test score strongly depends on its validity 
and reliability. The GMDS-ER provides particularly favourable reliability findings, with the 
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alpha coefficient reaching 0.993, with recent studies on content and construct–related evidence 
further proving it a valid diagnostic developmental test (Luiz et al., 2006).  
Most participants did not speak English and where necessary verbal instructions and items were 
translated into Afrikaans and Xhosa using the back translation method (Allan, 1988; Tukula, 
1996). It was felt that this method of translation was acceptable as it had been used for previous 
translations of the GMDS/ER and as no measures were being adapted or substituted, the mere 
translation of the instructions was acceptable (Luiz et al., 2004). Full translations of the 
GMDS/ER were not necessary. As administrators were not fluent in Xhosa, every effort was 
taken to include a Xhosa translator during the GMDS/ER assessments. However, in cases where 
this was not possible, mothers/caregivers were conferred with regarding issuing of verbal 
instruction to the child and interpreting the child’s verbal response. 
3.6.3 The maternal interview. 
A structured questionnaire, piloted on the local population, was completed with mothers by 
trained interviewers eliciting demographic information and maternal lifestyle variables, such as 
occurrence and amount of maternal drinking, smoking and use of other drugs (May et al, 2005, 
2007; Urban et al 2008;Viljoen et al., 2001). Shorter, proxy interviews were conducted with the 
primary caregiver, in cases where the mother was deceased or untraceable. This resulted in 
missing maternal data from some interviews, which impacted the choice of statistical analyses.  
 
A history of maternal alcohol consumption was obtained from mothers using a timeline follow-
back method, which has shown to be a reliable and valid method for collecting data on drinking 
(Sobell et al., 2001, Viljoen et al., 2005). Comparing alcohol consumption and drinking patterns 
internationally is complicated with questions of how researchers can best conduct comparative 
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alcohol research. Typically, the ‘amount’ of alcohol contained in alcoholic beverages varies 
considerably, with reference to the amount expressed as the percentage of alcohol by volume 
(ABV) (Foster & Marriot, 2006). A value of ‘units’ is ascribed to alcoholic drinks, which relates 
to the amount of alcohol they contain. Variations in the amount of alcohol in a standard drink 
vary between countries, complicating comparative research studies, while further confusing the 
media about suggested guidelines. In South Africa, one standard unit equates to approximately 
12 g (or 10 ml) of pure alcohol (Wolmarans, Langenhoven & Faber, 1993). Based on the amount 
of pure alcohol present in alcoholic drinks, researchers typically enquire about the number of 
‘drinks’, ‘bottles’, ‘cans’ and /or ‘glasses’ rather than the grams of alcohol (Bloomfield, 
Stockwell, Gmel & Rehn, 2003). In an attempt to provide comparative findings, drinks were 
considered using the following, previously used, standard ethanol units: 340 ml can ⁄ bottle of 
beer (5% ethanol), 120 ml of wine (11% ethanol),95 ml of wine (13.5% ethanol), or 44 ml of 
distilled spirits (43% ethanol) (May et al., 2008). Photographs of standard beer and wine 
containers sold locally were shown to participants, to assist with quantification of units, 
frequency and pattern of drinking.  
The following categories were used to determine alcohol usage for group allocation; No-to-low 
alcohol usage (No or <7 units per week); Moderately High Usage (8-25 units per week); High 
Usage (26 -≥ 36 units per week).  
3.7 Procedure 
This study forms part of a larger cohort study conducted by the Foundation for Alcohol Related 
Research (FARR) in 2003 with clearance from the Committee for Research on Human Subjects 
(refer to Appendix A1, protocol Number; M01-11-20). Further ethical clearance (refer to 
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Appendix A2, protocol number; M09-02-22) was awarded to the current study, for follow-up of 
infants at 5 years of age with the completion of an amended maternal questionnaire.  
 
Permission was obtained from the Department of Health (refer to Appendix A3) to access birth 
records of all infants born in the public hospital between 2002 and 2003 (n=500). In addition, 
mothers of potential participants living in the town (many women in surrounding rural areas 
deliver in De Aar and then return home thereafter) were visited by community workers and 
invited to participate. The process of the study and its voluntary nature was clarified with 
interested mothers/ caregivers, both verbally and in the form of an information sheet with 
appropriate opportunities for withdrawal without prejudice, at any time of the study.  
 
Families willing to participate completed the necessary consent forms (refer to Appendices B & 
C). All parents/guardians of children who had consented to the Time 1 phase at 7-12 months of 
age were invited to participate in the follow-up, Time 2 study at 5 years of age, with active case 
follow-up (due to the purposive nature of the sampling procedure) of families with diagnostic 
concerns. The nature of the study therefore, afforded two sample sets of data namely; 
developmental data from the children, tracked from infancy through to 5 years of age and data 
obtained from mothers or caregivers through the maternal interview. Demographic details of the 
composition of both the child and maternal data sets of the study sample are presented in detail 
in Chapter 4.  
 
Appointments, held at the Joan Wertheim Centre in De Aar, were set up with consenting families 
during a week when the clinical team, comprising of a clinician and two of three trained Griffiths 
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administrators, were in De Aar. Participants were subjected to a clinical diagnostic examination 
conducted by a specialist clinician with dysmorphology training at both Time 1 (7-12 months) 
and Time 2 (5 years). Developmental assessments at Time 1 (7-12 months) and Time 2 (5 years) 
were conducted by the candidate and 2 trained Griffith’s administrators all of whom held masters 
degrees and were formally trained in the administration of the GMDS/ER scales. Consistent, 
administrative and scoring procedures were followed according to the GMDS and GMDS/ER 
analysis manuals (Griffiths, 1954; 1984 Huntley, 1996; Luiz et al., 2006). The GMDS/ER 
assessments took approximately 90 minutes and, as permitted by the GMDS procedure, parents/ 
caregivers were included in the testing process in an attempt to decrease the child’s anxiety. Self-
report questions were requested from parents and/caregivers as part of the Personal-Social 
subscale for both versions of the GMDS/ER, providing a comprehensive overview of the child’s 
development.  
 
Preferably, the maternal interview was completed by the same GMDS administrator, after the 
completion of the GMDS/ER assessment. However, mothers unavailable at the time of the 
developmental assessment were interviewed by two community health assistants, trained on the 
administration of the interview. Both community workers had worked for the Foundation for 
Alcohol related Research (FARR) during the larger retrospective study and held key counselling 
skills with valuable knowledge of FASD and a sensitivity to alcohol perceptions held by the 
community in which they lived. The maternal interview took approximately 45 min to complete. 
Psychological emotions often associated with a confirmed FAS/PFAS diagnosis, such as 
maternal guilt or spousal blame, were addressed through counselling after a confirmed diagnosis 
was made to families and/or individuals.  
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A case conference where clinical, developmental and maternal information was presented was 
held where a final FAS/PFAS diagnosis was awarded. If as a result of the study, any clinical, 
developmental and educational or welfare areas of concern arose, families were referred to the 
relevant professionals to address the problem areas. Mothers with alcohol dependence were 
linked with specialist programmes run through local non-governmental organisations. Families 
of children with a confirmed FAS/PFAS or PAE diagnosis received verbal feedback from both 
clinicians and psychologists regarding the clinical and developmental symptoms of prenatal 
alcohol exposure. Families of children who displayed developmental delay on the subscales or 
the general quotient (GQ) of the GMDS/ER received verbal discussion of the results with the 
compilation of a report. The psychologist who conducted the assessment spent time with families 
discussing future expectations of the diagnosed child, with the opportunity to ask any further 
clinical and/or psychological questions. Follow-up support of families from the study was 
conducted by the local occupational therapist based at the Joan Wertheim Centre.  
 
All identifying information was removed prior to analysis and kept separate for the sole purpose 
of feedback to families. A study number was assigned to each participating child and mother 
dyad, minimising bias, while maintaining overall confidentiality. All other data collected was 
coded according to the study number and entered, by the researcher, into a standardised, 
electronic Microsoft Access form. Hard copies of all consent forms, clinical evaluations, 
GMDS/ER assessments and the maternal interviews were stored in a lockable cupboard, so as to 
further assure participant confidentiality. 
85 
 
3.8 Statistical Analyses  
Both descriptive and inferential statistics were employed in order to analyse variable data 
gathered during the collection procedure. Based on the conversion of the raw scores to z scores, 
as discussed in section 3.6.2, it was anticipated that distributions would be normal allowing for 
the use of stricter, more generalizable, parametric analyses. Graphical histograms of distribution 
outputs have been included (refer to Appendices D-I). While deviations from normal were slight, 
the presence of outliers was detected when using measures of central tendency, skewness, 
kurtosis coefficients and Kolmogorov-Smirnov test for normality, contributing to deviations in 
normality. As outliers were legitimate, with the potential to provide important information 
regarding development between groups, they were retained. While parametric tests are 
considered more robust and generally yield more statistical power, they are less sensitive to the 
presence of outliers. Hence, due to violations of normality and the inclusion of outliers, 
nonparametric analyses were deemed more appropriate, ensuring results would be interpreted 
with a degree of conviction.  
 
Analyses were conducted using the Statistical Package for the Social Sciences (SPSS-19) (SPSS 
Inc, Chicago, IL). Frequency distributions and χ2 tests was used for analysing categorical data. 
Descriptive data are shown as means, medians, SD and Z scores or number of observations 
(percentage). Continuous data between groups was analysed using the Kruskal–Wallis analysis 
of variance. Where significant results for interactions were obtained, further post-hoc analyses 
using Mann–Whitney U tests, were carried out controlling for the Type I error by using the 
Bonferroni correction, where the critical value of 0.5 is divided by the number of tests conducted 
(Field, 2009).  
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Differences over time points, within groups, was conducted using the Wilcoxan signed-rank test, 
while a series of Spearman’s correlation coefficients (rs) were calculated to determine the 
strength and direction of the relationship between subscales and the General Quotient (GQ) for 
each GMDS/ER version as well as between versions (Howell, 2002). Finally, correlations, using 
a series of Spearman’s correlation coefficients (rs) were used to determine the relationship 
between infant, maternal, pregnancy and lifestyle characteristics, known to be associated with 
adverse developmental outcomes at both Time 1 and Time 2, for each group. Further linear 
regressions were unable to be computed with certainty, due to missing data within the maternal 
data set.  
All statistical analyses, were two tailed and unless otherwise noted were conducted at the (p<.05) 
level. However, due to the smaller sample size and to avoid erroneously rejecting the null 
hypothesis (Type I error) levels were deemed statistically significant at p< .001 (Howell, 2002). 
Precise p-values, as well as calculated effect sizes were reported for future meta-analyses to 
enhance research beyond statistical significance (Rosnow & Rosenthal, 1996).While statistical 
significance determines how likely an observed finding occurred by chance, the effect size 
measures the strength of the relationship between two variables and remains unaffected by 
sample size. The commonly used, Cohen’s categories where, 0.2=small effect size; 0.5=medium 
effect size and 0.8=large effect size, were used for the interpretation of effect sizes (Cohen, 
1988).  
 
In summary, the methodology detailed in this chapter, systematically describes the exploratory 
and descriptive research method with special focus on, the sampling procedure of the sample, 
assessment measures used and statistical analyses conducted, in response to the three research 
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questions posed by the research study as derived from the main aims. The following chapter 
presents a detailed account of the results obtained. 
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Chapter 4 – Results 
 
The purpose of this chapter is to present a statistical review of findings as collected from the data 
analyses conducted. The following section presents the descriptive analyses of the sample sets. 
Thereafter, guided by the study’s research questions, inferential statistics are provided to address 
study aims, described in Chapter 3.  
4.1 Descriptive Statistics 
Based on the primary research aim to describe and compare the longitudinal developmental 
profiles of three groups of children with varying degrees of prenatal alcohol exposure, the 
following provides a summary of the sample datasets, enabling later inferences across groups, as 
well as between datasets and variables. As described in Chapter 3, participants were allocated to 
one of three groups based on their clinical diagnosis at 5years of age and level of prenatal 
alcohol exposure. Frequency Table 5 and Table 6 present the characteristics of infants and 
mothers, respectively within each group allocation.  
Table 5 presents’ descriptive baseline infant data where approximately a quarter of the sample 
had FAS/PFAS (24%, 29/121) based on the diagnostic criteria of either FAS or PFAS as 
described in Chapter 2 (Hoyme et al., 2005). Forty six per cent (56/121) were presented with 
some prenatal alcohol exposure forming the PAE group, while 30% (36/121) were assigned to 
the Control group. More than half the sample in each group were female (p=.056) with 80% of 
mixed ethnicity, and the remainder classified as black. 
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Table 5 Infant Characteristics based on Group Allocation (N=121) 
Infant Characteristics based on Group Allocation (N=121) 
Variable group Category, n/N (%) Control (36/121) PAE (56/121) FAS/PFAS (29/121) p 
Gender Male 13/36 (36) 26/56 (46) 11/29 (38) .056* 
Female 23/36 (64) 30/56 (54) 18/29 (62) 
Ethnicity Black 7/36 (19) 10/56 (18) 7/29 (24) <.001** 
Mixed Ethnicity 29/36 (81) 46/56 (82) 22/29 (76) 
New born 
Anthropometry † 
Birth weight mean z 
scores for age 
(IQR), n 
0.40 (-0.03 to-0.14 ), 34a 0.45 (-0.41 to 0.67), 54b -0.74 (-1.49 to -1.43), 25a,b 
<.001** 
Less than 2.5kg 6/36 (17) 13/56 (23) 16/29 (55) 
Birth length mean z 
scores for age, 
(IQR), n 
0.29 (-0.14 to 0.73), 32a 0.75 (-0.47 to 0.73), 53b -0.36 (-0.80 to -0.07), 23a,b .007* 
Birth OFC ∆mean z 
scores for age, 
(IQR), n 
0.48 (-0.12 to 0.88), 33a 0.08 (-0.72 to 0.88), 53b -0.32 (-0.14 to 0.07), 25a,b .001** 
Note. PAE=Prenatal Alcohol Exposure, FAS=Fetal Alcohol Syndrome, PFAS=Partial Fetal Alcohol Syndrome, IQR=inter-quartile range, 
†missing data, ∆ refers to Occipital Head Circumference; Chi-square for discrete variables; Kruskal-Wallis for continuous variables; Variables 
sharing a subscript are significantly different from each other according to Mann-Whitney post hoc tests, using the Bonferroni correction where 
p=0.017, * p<0.05; **p<0.001 
 
Using the Chi-square and Kruskal-Wallis statistical tests for discrete and continuous variables, 
respectively, it is apparent from Table 5 that significant differences exist between groups over 
all infant characteristics. New born anthropometric measurements describe those with 
FAS/PFAS as being significantly smaller than the PAE and Control groups for weight (p<.001), 
length (p=.007) and head circumference (p<.001). Regardless of their clinical diagnosis, 29% of 
all infants were underweight, ≤ 2.5 kg at birth (35/121), with the majority being from the 
FAS/PFAS group (55%, 16/29). 
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Based on group allocation, Table 6 provides details of the maternal characteristics of the study 
sample.  
Table 6 Maternal Characteristics based on Group Allocation (N=121) 
Maternal Characteristics based on Group Allocation (N=121) 
Variable group Category, n/N (%) Control (36/121) PAE (56/121) FAS/PFAS (29/121) p 
Age† Mean yrs (sd), n 25.7 (6.43), 34a 26.43 (6.18), 55b 31.14 (6.64), 28a,b .002* 
Marital Status† 
Married/Engaged 9/32 (25) 14/54 (25) 5/29 (17) 
<.001** Divorced/ Widowed 1/32 (3) 3/54 (6) - 
Unmarried, living with partner 5/32 (14) 14/54 (30) 16/29 (55) 
Single 17/32 (47) 23/54 (43) 8/29 (28) 
Level of Education † 
No formal schooling 1/32 (3) 2/53 (4) 6/28 (21) 
<.001** 
Incomplete Primary School 3/32 (9) 8/53 (15) 9/28 (32) 
Complete Primary School 3/32 (9) 10/53 (18) 4/28 (14) 
Incomplete Secondary School 11/32 (34) 25/53 (47) 9/28 (32) 
Complete Secondary School 14/32 (44) 8/53 (14) - 
Maternal Occupation † 
Full time 10/32 (28) 10/53 (18) 1/29 (3) 
<.001** 
Part time 6/32 (19) 10/53 (18) 5/29 (17) 
Unemployed 16/32 (50) 33/53 (62) 23/29 (79) 
Note. PAE=Prenatal Alcohol Exposure, FAS=Fetal Alcohol Syndrome, PFAS=Partial Fetal Alcohol Syndrome, IQR= inter-quartile range, 
†missing data, Hx=history, Chi-square for discrete variables; Kruskal-Wallis for continuous variables; Variables sharing a subscript are 
significantly different from each other according to Mann-Whitney posthoc tests, using the Bonferroni correction, where p=0. 017,* p<0.05; 
**p<0.001 
 
There is a significant difference (p<.05) between groups over all maternal characteristics, with 
mothers of children with FAS/PFAS, 5-6 years older (mean=31.14 years; p=.002) and unmarried 
but cohabiting with their partners (55%, 16/26; p<.001). Most mothers (69%) in the study group 
were unmarried. Particularly low levels of maternal education emerged amongst mothers of 
FAS/PFAS children, with 32% having incomplete primary schooling. Mothers in the Control 
group were more likely to have completed high school (44%; 14/32) and be in full time 
employment (28%, 10/32 versus 3% of FAS/PFAS, 1/29). A large number of mothers across all 
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three groups were unemployed (63%; 72/114). Descriptive information, based on group 
allocation, related to pregnancy and lifestyle variables are presented in Table 7.  
Table 7 Pregnancy and Lifestyle Variables based on Group Allocation (N=121) 
Pregnancy and Lifestyle Variables based on Group Allocation (N=121) 
Variable group Category, n/N (%) Control PAE FAS/PFAS p 
Parity 
Mean # of children (sd), n 1.91 (1.97), 35c 2.41 (1.41), 56 2.79 (1.18), 29c .027* 
Death of a Child 4/35 (11) 9/56 (16) 11/29 (40)  
Month pregnancy 
discovered† 
Mean, months (sd), n 3.06 (1.47), 25 3.82 (1.35), 33 4.22 (1.91),9 .067 
Length Breastfed† None 4/32 (11) 3/56 (5) 3/29 (10)  
 
Mean, months (sd), n  13.93 (12.09), 28 18.04 (11.84), 51 
14.81 (10.10), 
26 
.267 
Smoking† 
Currently smoking 7/35 (19) 18/55 (32) 4/28 (14) 
<.001** 
 
Within last year 1/35 (3)a,b 13/55 (24)b,c 18/28 (64)a,c 
More than a year ago - 16/35 (11) 2/28 (7) 
Never smoked 27/35 (75) 18/55 (32) 4/28 (14) 
Smoking in pregnancy† n/N (%) 7/36 (19)a,b 29/55 (53)c 22/29 (76)a <.001** 
Alcohol use prior to 
pregnancy† 
Units per week, median, 
(range) n 
.00 (4), 36a,b 13 (141), 47b,c 31 (210), 24a,c <.001** 
Alcohol use in pregnancy† 
Units per week, median, 
(range) n 
0 (0), 36a,b 7 (141), 48b,c 46 (217), 25a,c <.001** 
Note. PAE=Prenatal Alcohol Exposure, FAS=Fetal Alcohol Syndrome, PFAS=Partial Fetal Alcohol Syndrome, IQR= inter-quartile range, 
†missing data, Hx=history, Chi-square for discrete variables; Kruskal-Wallis for continuous variables; Variables sharing a subscript are 
significantly different from each other according to Mann-Whitney posthoc tests, using the Bonferroni correction where p=0.017, * p<0.05; 
**p<0.001 
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While a few years older than other groups, mothers of infants with FAS/PFAS had substantially 
more children than expected (p=.027). About 40% (11/29) of mothers from the FAS/PFAS group 
had experienced the death of a child in the family compared to 11% (4/35) in the Control Group. 
Most mothers discovered their pregnancy with the child of interest between 4-6 months (p=.067). 
Only a minority of participants (9%) indicated never having breastfed the child of interest (COI), 
with most having breastfed for 12 to 24 months.  
 
Almost two thirds of mothers of FAS/PFAS infants smoked within the last year and a high 
proportion smoked during pregnancy, more than the PAE and Control groups. As expected, 
maternal alcohol consumption both prior to and during pregnancy was substantially higher 
amongst mothers in the FAS/PFAS group, with mean alcohol units per week increasing from 46 
prior pregnancy to 61.8 during pregnancy (p<.001). Mothers in the FAS/PFAS group reported 
drinking very heavy levels of alcohol (10/24; 42%) prior to the confirmation of pregnancy, 
compared to reported moderate levels (8–25 units) by those in the PAE group 28% (13/47) 
(p<.001; z = -7.884). During pregnancy, 60% of mothers from the FAS/PFAS group reported 
drinking very high levels of alcohol (≥36 units per week), with 23% from the PAE group 
drinking low levels, less than 7 units per week of alcohol (p<.001; z= -6.228).  
Prior to presenting the developmental differences between groups, the following provides a 
description of the performance, per group, over each subscale of the GMDS/ER. While 
customary to use medians rather than means when dealing with non-normal distributions, both 
are included as they are not appreciably different from one another.  
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The following tables provide a summary of the raw means, medians and standard deviations for 
all GMDS/ER subscales and the General Quotient (GQ) at Time 1 (see Table 8 and Time 2 (see 
Table 9).  
Table 8 Descriptive Statistics for groups over the GMDS subscales at Time 1 
Descriptive Statistics for groups over the GMDS subscales at Time 1 
Note. Time 1=7-12 months of age; GMDS=Griffiths Mental Developmental Scales; PAE=Prenatal Alcohol Exposure; FAS=Fetal Alcohol 
Syndrome, PFAS=Partial Fetal Alcohol Syndrome, † referred to Hearing-Language in the infant version of the GMDS, but as Language in the older 
version.  
 
As shown in Table 8, on average, infants aged 7-12 months of age with FAS/PFAS performed 
lower overall subscales as measured by the GMDS, when compared to the other two groups. The 
developmental profile of infants with some prenatal alcohol exposure (PAE group) tends to 
follow a similar pattern to that of the Control group, rather than the FAS/PFAS group. In other 
words the PAE group performed better than expected and favourably compared to the overall 
performance of those with no prenatal alcohol exposure.  
Control (36/121) PAE (56/121) FAS/PFAS (29/121) 
GMDS Subscales Min Max Mean Median SD Min Max Mean Median SD Min Max Mean Median SD 
Locomotor 22 44 28.9 28.0 4.77 13 38 28.29 29.0 4.69 12 35 25.45 26.0 4.84 
Personal-Social 29 44 33.5 33.0 3.15 24 42 33.09 32.0 3.61 18 39 31.24 32.0 4.11 
Hearing-
Language† 
24 42 28.9 28.0 3.61 23 37 28.55 28.0 3.26 18 33 26.86 26.0 3.17 
Eye-Hand 
Coordination 
25 45 28.4 27.0 3.92 23 37 27.82 27.0 3.17 11 33 25.86 26.0 4.50 
Performance 23 51 27.2 26.0 5.02 19 36 26.25 26.0 3.49 15 34 24.93 25.0 3.95 
GQ General 
Quotient 
25 45 29.3 28.0 3.70 21 35 28.77 28.0 2.96 17 33 26.66 27.0 3.54 
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Table 9 Descriptive Statistics for groups over the GMDS/ER subscales at Time 2 
Descriptive Statistics for groups over the GMDS/ER subscales at Time 2 
Note. Time 2=5 years of age; GMDS/ER=Revised- Griffiths Mental Developmental Scales; PAE=Prenatal Alcohol Exposure; FAS=Fetal Alcohol 
Syndrome, PFAS=Partial Fetal Alcohol Syndrome; † referred to Hearing-Language in the infant version of the GMDS, but as Language in the older 
version.  
At 5 years of age, the FAS/PFAS group continues to perform poorly, with stark differences 
emerging between groups over all subscales, as demonstrated in Table 9. While during infancy, 
the developmental pattern of the PAE group followed that of the Control Group, with age, gaps 
between the PAE and Control group widen, with performance of the PAE group now typically 
following that of the FAS/PFAS group. 
 
In summary, children with FAS/PFAS performed significantly worse than those with some or no 
prenatal alcohol exposure at both Times 1 and 2. During infancy, while those with some prenatal 
alcohol exposure during infancy performed within age appropriate limits, results of a Kruskal–
Wallis test described in section 4.2.1 reveal statistically significant differences emerging with 
 Control (36/121) PAE (56/121) FAS/PFAS (29/121( 
GMDS Subscales Min Max Mean Median SD Min Max Mean Median SD Min Max Mean Median SD 
Locomotor 20 82 70.22 71.0 10.82 20 92 69.89 70.0 12.17 40 92 61.0 62.0 13.37 
Personal-Social 32 88 76.17 77.0 10.22 32 90 72.23 74.0 11.21 56 98 63.59 64.0 12.63 
Language 21 66 50.33 48.0 10.67 21 68 46.13 46.0 9.37 34 78 44.31 40.00 12.27 
Eye-Hand 
Coordination 
27 76 57.94 55.0 14.46 27 86 51.39 50.0 11.56 36 90 43.03 39.0 11.14 
Performance 25 64 52.17 48.0 14.09 26 58 43.82 44.0 7.44 34 94 39.72 38.0 10.35 
Practical 
Reasoning 
24 72 59.56 61.0 13.54 24 80 51.57 52.0 11.44 38 88 45.86 46.0 12.14 
GQ General 
Quotient 
25 74 61.06 60.0 10.22 25 70 55.84 57.0 7.54 45 88 49.55 48.0 10.28 
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age, with developmental profiles for this group emulating that of the FAS/PFAS group rather 
than the Control group, as observed at Time 1 assessment.  
The following section presents the inferential statistics conducted during the data analyses 
procedure.  
4.2 Inferential Statistics 
For parametric statistical analyses normality of the data is a prerequisite. While many 
distributions were normal in the current data set, there was concern regarding the presence of 
outliers known to contribute to the deviation in the distribution of variables, discussed in Chapter 
3. Ultimately, it was decided that non-parametric analyses would be more appropriate, with 
findings being interpreted with more conviction. Guided by each research question, the following 
section presents these inferential findings to determine the nature and statistical significance of 
relationships between groups, time points and variables.  
 
4.2.1 Research question 1. 
What developmental differences exist between the three groups (Control, PAE and 
FAS/PFAS) over a period of 5 years? 
Research Question 1 sought to describe the differences between groups at two time points, as 
well as differences within groups over time. A series of Kruskal-Wallis tests were conducted to 
evaluate differences on median change at Time 1 (see Table 10) and at Time 2 (see Table 11) 
between the three groups (Control, PAE, and FAS/PFAS).  
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Table 10 Kruskal–Wallis Summary Table of Differences between Groups at 7-12 months of age, Time 1 
Kruskal–Wallis Summary Table of Differences between Groups at 7-12 months of age, Time 1 
Note. GMDS=Griffiths Mental Developmental Scales; PAE = Prenatal Alcohol Exposure; FAS=Fetal Alcohol Syndrome, PFAS=Partial Fetal 
Alcohol Syndrome,† = referred to as Language scale used in GMDS/ER; Based on the Bonferroni correction, mean ranks sharing a subscript are 
significantly different, at the p <.017 from each other , * p<0.05; **p<0.001 
 
At Time 1, significant developmental differences emerged between groups over the Locomotor 
(H (2) =7.22, p=.027) and Hearing-Language (H (2) =13.76, p=.001) subscales, as well as the 
General Quotient (H(2)=9.98, p=.007). Post hoc comparisons, using a series of Mann-Whitney U 
tests were performed to follow up statistical findings. The Bonferroni correction was used to 
correct for Type I error rate during the multiple comparison procedure. Post hoc comparison 
effects are reported at the p=.017 level of significance.  
 
Infants with FAS/PFAS performed significantly poorer than their counterparts from both the 
PAE and Control groups, over gross motor (FAS/PFAS vs. PAE, z= -2.39, r= -.26, p=.016; 
FAS/PFAS vs. Control, z= -2.44, r= -.30, p=.015), receptive and expressive language 
(FAS/PFAS vs. PAE, z= -3.30, r= -.36, p=.001; FAS/PFAS vs. Control, z= -3.35, r= -.42, 
 
Control 
(n=36) 
PAE 
(n=56) 
FAS/PFAS 
(n=29) 
  
GMDS Subscale Mean Rank Mean Rank Mean Rank H(2) p 
Locomotor (AQ) 66.04a  65.63b 45.79a,b 7.22 .027* 
Personal-Social (BQ) 67.44 63.10 48.95 4.90 .087 
Hearing-Language†(CQ) 68.74a 66.86b 40.09a,b 13.76 .001** 
Eye-Hand Coordination (DQ) 67.56 62.53 49.91 4.34 .114 
Performance (EQ) 66.32 62.62 51.28 3.22 .200 
General Quotient (GQ) 68.79a 65.07b 43.47a,b 9.98 .007* 
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p=.001) and overall developmental ability (FAS/PFAS vs. PAE, z= -2.69, r= -.29, p=.008; 
FAS/PFAS vs. Control, z= -2.94, r= -.04, p=.003).  
 
During infancy, small differences in effect size over specific developmental subscales, between 
the FAS/PFAS and PAE groups suggest similar levels of developmental functioning with similar 
effect size differences observed between the FAS/PFAS and Control groups. A larger difference 
in effect size was reported over the Hearing-Language scale (r=.42), suggesting developmental 
achievement over language abilities during infancy, may be related to the level of maternal 
alcohol exposure. 
 
With age, differences between the three study groups became more apparent, presented in Table 
11. At Time 2, using the Kruskal–Wallis test, small developmental differences emerged over all 
but the Language subscale (H (2) =5.19, p=.075). Further, Mann–Whitney post hoc comparisons, 
using the Bonferroni correction, revealed that the FAS/PFAS group performed significantly 
worse than the PAE group over the Locomotor ( z= -3.03, r= -.33, p=.003), Personal-Social (z= -
3.12, r= -.34, p=.002), and Eye–Hand Coordination (z= 03.57, r= -.39, p<.001) subscales, as well 
as on the General Quotient (z=-3.48, r= -.38, p=.001). 
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Table 11 Kruskal–Wallis Summary Table of Differences between Groups at 5 years of age, Time 2 
Kruskal–Wallis Summary Table of Differences between Groups at 5 years of age, Time 2 
Note. GMDS=Griffiths Mental Developmental Scales; PAE =Prenatal Alcohol Exposure; FAS=Fetal Alcohol Syndrome, PFAS=Partial Fetal 
Alcohol Syndrome,†= referred to as Hearing–Language in GMDS scale; Based on the Bonferroni correction, mean ranks sharing a subscript are 
significantly different, at p <.0167, from each other  
* p< 0.05; **p<0.001 
 
At 5 years of age, negligible differences in effect sizes between groups with prenatal alcohol 
exposure (FAS/PFAS and PAE) propose similar patterns of developmental functioning. While a 
small difference in effect size (r=0.3) was reported over the Language subscale, all other 
subscales show medium effect size differences, suggesting recognizable variations in 
developmental functioning between these two groups over specific developmental domains at 5 
years of age. The FAS/PFAS group continued to perform poorly, when compared to the Control 
group, revealing significant differences over all subscales and the General Quotient (z= -4.21, 
r=.-.50, p<.001).  
 
 
Control 
(n=36) 
PAE 
(n=56) 
FAS/PFAS 
(n=29) 
 
 
GMDS Subscale Mean Rank Mean Rank Mean Rank H(2) p 
Locomotor (AQ) 68.00a 66.35b 41.98a,b 11.31 .003* 
Personal-Social (BQ) 73.61
a
 64.11b 39.34a,b 16.20 .000** 
Language†(CQ) 71.15
a
 59.26 51.76a 5.19 .075 
Eye-Hand Coordination (DQ) 77.99
a
 62.79b 36.47a,b 22.84 .000** 
Performance (EQ) 78.78
a,c
 59.13c 42.55a 17.56 .000** 
Practical Reasoning (FQ) 77.47
a,c
 59.83a,c 42.81a 15.85 .000** 
General Quotient (GQ) 77.21
a
 62.96b 37.09a,b 21.38 .000** 
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While no significant differences between the PAE and Control groups were reported at Time 1 
(during infancy), results at 5 years of age suggest that the children with some prenatal alcohol 
exposure performed significantly worse on abilities associated with visual-spatial reasoning (z= -
2.78, r=-.29, p=.006) and concept formation (z= -2.51, r=-.26, p=.011) when compared to those 
with no alcohol exposure. Small differences in effect size between the PAE and Control groups 
suggest both groups display similar levels developmental profiles. Differences in the GQ at both 
Time 1 and Time 2 are likely due to differences over subscales within the GMDS/ER, which 
contribute to overall developmental ability. Furthermore, significant levels described may reflect 
differences in the sample size between groups. 
 
In summary, findings suggest that alcohol exposure during pregnancy contributes to 
developmental delays between groups; with those more heavily exposed presenting with poorer 
overall developmental profiles, both as infants and continued into early childhood. With age, 
considerably more significant differences were found between groups over the subscales of the 
GMDS/ER, with less chance of catch up with significant negative effects apparent, even at lower 
levels of exposure at 5 years of age. 
 
To determine differences between time points, within groups, a series of Wilcoxon Signed Rank 
tests were conducted over all but the Practical Reasoning subscales of the GMDS/ER. This 
higher-order cognitive subscale was removed from the analyses, as it only forms part of the older 
GMDS/ER scale set assessed at Time 2, therefore no baseline Time 1 data was available for 
comparison.  
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Table 12 Group Differences between Time 1 and Time 2 Assessments 
Group Differences between Time 1 and Time 2 Assessments  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Note. Time 1=7-12 months; Time 2=5 years of age; GMDS/ER=Griffiths Mental Developmental Scales/ Revised; PAE =Prenatal Alcohol 
Exposure; FAS=Fetal Alcohol Syndrome, PFAS=Partial Fetal Alcohol Syndrome, †=referred to as Hearing –Language in Time 1scale; * p< 0.05 
 
As presented in Table 12, findings for both the FAS/PFAS and PAE groups reveal no significant 
differences between assessments at Time 1 and Time 2, while for the Control group, significant 
differences emerged over only the Performance scale (z= -2.11,r =-.25 , p=.034). Using the 
    95%CI   
GMDS/ER Subscale Study Group N Z LL UL p r 
Locomotor 
Control 36 -.64 .510 .536 .523 -.08 
PAE 56 -.97 .327 .351 .339 -.09 
FAS/PFAS 29 -.01 .993 .997 .995 -.00 
Personal–Social 
Control 36 -1.30 .190 .211 .201 -.15 
PAE 56 -.58 .551 .576 .563 -.05 
FAS/PFAS 29 -.72 466 .492 .479 -.01 
Language† 
Control 36 -.82 .410 .435 .422 -.10 
PAE 56 -1.13 .244 .266 .255 -.11 
FAS/PFAS 29 -1.40 .160 .180 .170 -.18 
Eye-Hand Coordination 
Control 36 -1.87 .052 .084 .059 -.22 
PAE 56 -.47 .625 .650 .638 -.04 
FAS/PFAS 29 -.96 .343 .368 .356 -.13 
Performance 
Control 36 -2.11 .029 .038 .034* -.25 
PAE 56 -.14 .883 .899 .891 -.01 
FAS/PFAS 29 -.77 .438 .464 .451 -.10 
General Quotient 
Control 36 -1.89 .053 .085 .059 -.22 
PAE 56 -.38 .703 .726 .715 .04 
FAS/PFAS 29 -.39 .890 .714 .702 -.05 
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converted z score median values, Figure 4 offers an alternative representation of findings for 
both the FAS/PFAS and Control groups performance’s at Time 1 and 2.  
 
Figure 4. Developmental achievement between the FAS/PFAS (n = 24) and Control (n = 36) 
groups over Time 1 and Time 2  
 
As illustrated above, the performance of the FAS/PFAS group over all developmental subscales 
at Time 1 remains well below the mean (m=0), with a delay of more than half of the mean 
evident on the Hearing-Language subscale (ZT1= -.57). While the Control group appeared to 
perform better than the FAS/PFAS group at Time 1, the former children with no prenatal alcohol 
exposure performed below the mean on the higher–order construct subscales of Eye-Hand 
Coordination(ZT1= -.14) and the Performance (ZT1= -.05) subscales. With age, the FAS/PFAS 
group continued to show delays with marked declines in achievement on Personal–Social (ZT2= 
-.60); Eye–Hand coordination (ZT2= -.92) and Performance (ZT2= -.64) subscales, as well as the 
General Quotient (ZT2= -.79). In contrast, at 5 years of age, the Control group indicates 
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improved performance over all subscales when compared to their infant assessment, with 
significant differences emerging on the Performance subscale (z= -2.11,r =-.25 ,p =.034).  
Figure 5 illustrates the developmental profile of the PAE group compared to those with no 
prenatal alcohol exposure of the Control group.  
 
 
Figure 5. Developmental achievement of the PAE (n=56) and Control groups (n=36) over Time 
1 and Time 2 
 
The developmental profile of the PAE group mirrors that of the Control group during infancy. 
Findings reveal that developmental scores of infants with some prenatal alcohol exposure fall 
below the mean over all but the gross motor (ZT1=.25) and Hearing–Language (ZT1=0) 
subscales. However, by 5 years of age the performance of the PAE group tends to follow that of 
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the FAS/PFAS rather than the Control group. Gross motor (ZT2=.17), language (ZT2=-.09) and 
visual-spatial reasoning (ZT2=-.12) abilities within the PAE group, decrease when compared to 
their Time 1 performance, while increases emerged over the Personal–Social (ZT2=.22) and Eye–
Hand Co-ordination subscales (ZT2=-.10), as well as the General Quotient (ZT2=.11). 
 
Similar small differences in effect sizes to those reported for the FAS/PFAS group, suggest 
comparable developmental functioning between assessments for the PAE, while medium 
differences in effect size observed within the Control group over the Performance subscale 
(ZT2=.23), suggests practical differences between Time 1 and Time 2 scores.  
 
These findings suggest that while infants with heavy prenatal alcohol exposure perform worse 
when compared to those with some or no prenatal alcohol exposure, over most developmental 
domains, with age little improvement is identified. Infants with some prenatal alcohol exposure 
(PAE group) tend to perform better than their FAS/PFAS group counterparts during infancy, but 
by 5 years of age developmental profiles compare to the FAS/PFAS group’s performance. 
Finally, while the Control group performed better than both the FAS/PFAS and PAE groups over 
most developmental subscales at Time 1 and Time 2, developmental performance within this 
non-exposed group from this community revealed average to below average scores as reported 
by the GMDS/ER. Reasons for observed group fluctuations in performance are discussed in 
Chapter 5. 
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4.2.2 Research question 2. 
What is the relationship between infant developmental performance over subscales, 
measured by the Infant version of the GMDS (Time 1) and achievement at 5 years of age 
(Time 2) measured by the Child Version GMDS/ER? 
The following section describes the findings conducted for Research Question 2 of the 
association between versions of the GMDS/ER, for each group, over time. Since some variables 
were not normally distributed, the nonparametric Spearman’s correlation coefficient was 
calculated to determine the relationship between subscales and general quotient (GQ) 
performance between versions of the GMDS and GMDS-ER, respectively (as highlighted in 
Table 13). 
Regardless of prenatal alcohol exposure, findings indicate no significant correlations between 
subscales as assessed by the Infant version of the GMDS and later performance at 5 years of age, 
using the GMDS/ER. This outcome may be due to the small sample size and the presence of 
outliers, known to impact correlational analyses. In an attempt to increase the sample size, 
groups were collapsed, with findings indicating significant relationships between infant gross 
motor abilities, assessed during infancy by the Locomotor subscale of the GMDS and visual-
spatial reasoning at 5 years of age on the Performance subscale (rs=.20, p=.025) of the 
GMDS/ER. In other words, infants with higher language scores showed better scores at 5 years 
of age over the Personal–Social subscale (rs=.22, p=.014). Essentially, these findings suggest that 
the developmental constructs being assessed by the GMDS/ER during infancy and early 
childhood are poorly correlated. Furthermore, they may describe the overlap in abilities between 
subscales over different versions of the GMDS/ER. 
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Table 13 Intercorrelations between subscales of the GMDS and GMDS-ER over time 
Intercorrelations between subscales of the GMDS and GMDS-ER over time  
Note. Time 1–7-12 months; Time 2 =5 years of age, ∆ referred to as Speech–Hearing subscale at Time 1 and Language at Time 2; †subscale 
6=Practical Reasoning subscale only included in older child version,**p <0 .01; *p <0.05 
 
 
GMDS-ER Subscales 
Time 2 
GMDS/ER Subscales 
Time 1 
Study Group 
(n/N) 
1 2 3 4 5 6† 7 
1. Locomotor 
Full (121) .01 .16 .01 .13 .20* .06 .11 
Control (36) -.19 .05 -.06 -.04 .08 -.01 -.06 
PAE (56) -.04 .09 -.03 .09 .07 .12 .06 
FAS/PFAS (29) -.07 .09 -.09 .15 .28 -.08 .02 
2. Personal-Social 
Full (121) -.02 .17 .01 .09 .03 .03 .06 
Control (36) -.28 .03 -.25 .00 -.20 -.05 -.11 
PAE (56) -.08 .09 .01 -.08 -.07 -.05 -.05 
FAS/PFAS (29) .19 .19 .14 .20 .20 .01 .15 
3. Language 
Full (121) .12 .22* .03 .16 .14 .16 .16 
Control (36) -.04 .02 .02 .09 .29 .25 .15 
PAE (56) -.05 .09 -.18 -.03 -.18 -.03 -.11 
FAS/PFAS (29) .23 .20 .18 .16 .13 .04 .18 
4. Eye-Hand Coordination 
Full (121) -.04 .16 -.05 .11 .02 .05 .05 
Control (36) .00 .20 .14 .23 .11 .23 .20 
PAE (56) .-.26 .04 -.23 -.06 -.24 -.12 -.19 
FAS/PFAS (29) .17 .13 .05 .07 .10 -.05 .04 
5. Performance 
Full (121) .09 .05 .07 .15 .17 .04 .12 
Control (36) -.08 .02 .01 .14 .13 .17 .09 
PAE (56) .01 -.11 -.04 .07 .08 -.11 -.00 
FAS/PFAS (29) .24 .16 .23 .10 .20 .03 .17 
6. Practical Reasoning† 
Full (121) .06 .03 .16 .05 .04 † .11 
Control (36) -.01 -.05 .25 .23 .17 † .14 
PAE (56) .02 -.05 -.03 -.12 -.11 † .00 
FAS/PFAS (29) -.08 .01 .04 -.05 .03 † .02 
7 General Quotient (GQ) 
Full (121) .07 .24* .04 .21* .18* .11 .17 
Control (36) -.11 .15 .00 .11 .12 .14 .09 
PAE (56) -.05 .14 -.05 .11 .04 .00 .05 
FAS/PFAS (29) .25 .22 .12 .22 .22 02 .16 
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The following section provides a description of the analyses conducted for Research Question 3 
which seeks to identify the relationships between infant, maternal and pregnancy and lifestyle 
variables on developmental performance over two time points during early childhood.  
4.2.3 Research question 3. 
Which socio-demographic variables are most strongly related to childhood development for 
each of the three groups? 
In considering normality, the Spearman’s Correlation Coefficient (rs) was utilized to assess the 
relationship between early childhood developmental achievements and socio-demographic 
variables. The following section presents the correlational results for each group, based on infant 
demographics (see Table 14), maternal variables (see Table 15) and maternal lifestyle and 
pregnancy variables, described in Table 16.  
Table 14 presents the correlation coefficients (rs) for each group at Time 1, based on infant 
variables, namely; birth weight, length and head circumference (OFC), as well as gender and 
ethnicity. 
While no significant correlations between infant variables and developmental performance were 
reported for groups with prenatal alcohol exposure (FAS/PFAS, PAE), a negative correlation 
between gender and achievement on the fine motor subscale of the GMDS was observed for the 
Control group with boys typically performing poorer than girls during infancy (rpb= -.35, 
p=.035).  
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Table 14 Correlations between infant variables and developmental performance over GMDS subscales at Time 1 
Correlations between infant variables and developmental performance over GMDS subscales at 
Time 1  
Note. Time 1=7-12 months of age, OFC=occipital frontal circumference, †=missing data, *p < 0.05 
 
Table 15 presents the correlations between maternal variables and developmental performance 
over the subscales of the GMDS assessed during infancy. 
  
GMDS Subscales Study Group Birth Weight Birth Length Birth OFC Gender Ethnicity 
Locomotor 
Control -.14† -.30† -.27† -.12 .04 
PAE .17† .18† .02† .05 .01 
FAS/PFAS .31† .07† .22† -.07 -.12 
Personal-Social 
Control .02† .12† -.22† -.29 .04 
PAE .09† -.03† -.09† .13 .01 
FAS/PFAS .06† .18† .33† .05 .02 
Speech-Hearing 
Control .08† -.04† -.06† -.28 .09 
PAE .06† -.07† .01† .09 .02 
FAS/PFAS -.03† .02† .05† -.05 -.09 
Eye-Hand Coordination 
Control .29† .04† -.18† -.35* -.18 
PAE -.07† -.11† -.10† .16 .00 
FAS/PFAS .17† .26† .21† .10 .15 
Performance 
Control .04† .12† -.30† -.19 -.05 
PAE .05† -.07† .06† .21 .09 
FAS/PFAS .13† .34† .14† .10 .19 
General Quotient (GQ) 
Control -.04† -.04† -.30† -.30 .03 
PAE .17† .07† .07† .16 .02 
FAS/PFAS .22† .14† .20† -.01 .08 
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Table 15 Correlations between maternal variables and developmental performance over GMDS subscales at Time 1 
Correlations between maternal variables and developmental performance over GMDS subscales 
at Time 1  
Note. Time 1=7-12 months of age, †=missing data, *p <0 .05, ** p <0 .01 
 
Results during infancy, within the PAE group, indicate lower levels of maternal education are 
associated with poorer fine motor performance (rs= -.33, p=.016), while unemployment relates to 
decreased performance over Personal–Social (rs=-.37, p=.006) and Language (rs=-.38, p=.005) 
GMDS Subscales Study 
Group 
Maternal Age Marital Status Mothers Grade Employment Children Alive 
Locomotor 
Control -.10† -.08† .28† -.07† -.09† 
PAE .06† -.09† .04† -.12† -.02 
FAS/PFAS .08† -.30 -.10† -.27 -.07 
Personal-Social 
Control -.24† .21† .26† -.05† -.32† 
PAE .08† .12† .02† -.37†** -.08 
FAS/PFAS .28† .02 -.20† -.14 .16 
Speech-Hearing 
Control -.17† .05† .14† -.15† -.49†** 
PAE .14† -.01† -.24† -.38†** .01 
FAS/PFAS .03† .03 -.05† -.05 -.29 
Eye-Hand Coordination 
Control -.08† -.05† .42†* -.27† -.08† 
PAE .11† .05† -.33†** -.26† -.01 
FAS/PFAS .08† .16 -.23† -.28 -.01 
Performance 
Control -.24† .11† .30† -.26† -.40†* 
PAE -.11† .12† -.04† -.15† -.12 
FAS/PFAS .13† .23 -.06† -.11 -.11 
General Quotient (GQ) 
Control -.25† .03† .34† -.18† -.39†* 
PAE .02† .03† -.08† -.24† -.09 
FAS/PFAS .15† .11 -.15† -.17 -.08 
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abilities. Non-exposed infants with larger families are associated with poorer performance over 
Language (rs=-.49, p=.003) and Performance (rs=-.40, p=.018) subscales, as well as the General 
Quotient (rs=-.39, p=.022). Decreased fine motor performance in the Control group, was linked 
with males (rpb= -.35, p=.035) and a later recognition of pregnancy (rs= -.06, p=.002) while the 
level of maternal education (rs=.42, p=.016) relates to better performance over fine motor 
outcomes. No significant correlations were reported within the FAS/PFAS group.  
 
Table 16 presents the correlations between variables associated with maternal lifestyle during 
the child of interest’s pregnancy. The later a mother confirmed her pregnancy, the worse infants 
with FAS/PFAS perform over the Personal–Social (rs= -.71, p=.031) and Language (rs= -.81, 
p=.008) subscales, which suggest the far reaching implications of prenatal alcohol exposure 
during early pregnancy. Similar findings were reported amongst the Control group with poor 
scores identified on fine motor (rs= -.60, p=.002) abilities. No significant relationships emerged 
between maternal lifestyle and pregnancy variables and infants from the PAE group, at Time 1. 
Furthermore, during infancy, no significant associations between levels of alcohol consumption 
prior to and during pregnancy emerged over any of the groups.  
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Table 16 Correlations between maternal lifestyle and pregnancy variables and developmental performance over 
GMDS subscales at Time 1 
Correlations between maternal lifestyle and pregnancy variables and developmental 
performance over GMDS subscales at Time 1  
Note. Time 1=7-12 months of age, Preg=pregnancy; #=number, Cig =cigarettes, alc=alcohol, †=missing data, *p <0 .05, ** p <0 .01 
 
The following section presents the findings of the associations between the same infant (see 
Table 17), maternal (see Table 18) and lifestyle and pregnancy (see Table 19) variables on 
developmental achievement at 5 years of age (Time 2) using the GMDS/ER. 
GMDS Subscales Study Group 
Month 
preg 
Length 
Breastfeeding 
# of Cig 
prior preg 
# of Cig 
during 
Total units of 
alc prior 
Total units of 
alc during 
Locomotor 
Control -.35† -.28† .00† .09† .08 - 
PAE -.11† .07† -.02† .04† -.17† -.10† 
FAS/PFAS -.29† -.10† .08† .13† .16† .35† 
Personal-Social 
Control -.29† .23† -.12† -.17† -.24 - 
PAE -.04† .15† -.07† -.06† -.10† -.10† 
FAS/PFAS -.71†* -.01† -.14† .02† .01† .15† 
Language 
Control .22† -.02† -.11† -.03† -.13 - 
PAE .07† .04† .09† .02† -.09† -.20† 
FAS/PFAS 
-.81†** .16† .01† .13† .00† .07† 
Eye-Hand 
Coordination 
Control -.60†** -.00† -.14† -.04† -.16 - 
PAE -.10† .05† .15† .10† .02† -.17† 
FAS/PFAS -.26† -.04† -.07† -.00† .11† .29† 
Performance 
Control -.28† -.06† -.22† -.27† -.27 - 
PAE -.06† .02† .13† .18† .08† -.17† 
FAS/PFAS -.54† -.11† -.07† .06† .14† .19† 
General Quotient 
(GQ) 
Control -.32† -.04† -.14† -.11† -.17 - 
PAE -.07† .07† -.04† -.03† -.16† -.21† 
FAS/PFAS -.60† .03† -.04† .10† .03† .21† 
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Table 17 Correlations between baseline infant variables and developmental performance over GMDS/ER subscales at 
Time 2 
Correlations between baseline infant variables and developmental performance over GMDS/ER 
subscales at Time 2  
Note. Time 1=7-12 months of age, OFC=occipital frontal circumference, †=missing data, *p <0 .05 
 
GMDS/ER Subscales Study Group Birth Weight Birth Length Birth OFC Gender Ethnicity 
Locomotor 
Control -.09† .26† -.06† .03 -.25 
PAE .32†* .39†** .41†** -.06 -.16 
FAS/PFAS .10† .22† .18† -.20 .33 
Personal- Social 
Control -.11† .04† -.15† -.05 -.27 
PAE .32†* .31†* .37†** .20 -.02 
FAS/PFAS -.02† .23† .12† .01 .12 
Language 
Control -.07† .01† -.37†* -.08 -.51** 
PAE .12† .17† .28†* .10 .13 
FAS/PFAS -.04† .31† -.14† .15 .12 
Eye-Hand Coordination 
Control .12† .22† -.21† .08 -.42* 
PAE .31†* .38†** .29†* .17 .10 
FAS/PFAS .12† .12† .16† -.20 .09 
Performance 
Control -.05† -.05† -.19† .03 .01 
PAE .31†* .30†* .29†* .06 .05 
FAS/PFAS .19† .25† .02† -.03 .02 
Practical Reasoning 
Control .04† .13† -.26† -.11 -.38* 
PAE .16† .08† .09† .06 -.09 
FAS/PFAS -.06† .10† -.18† .06 .13 
General Quotient (GQ) 
Control .08† .17† -.24† -.05 -.40* 
PAE .35†* .38†** .38†** .13 -.02 
FAS/PFAS -.02† .19† .05† -.10 .10 
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Table 17 describes the association between baseline infant variables collected at Time 1 with 
developmental achievement over the GMDS/ER subscales at 5 years of age. Results obtained for 
the PAE group at Time 2 describe significant positive correlations between birth weight (BW) 
and birth length (BL) over all but the Language (BW, rs=.12, p=.402, BL, rs=.17, p=.232) and 
Practical Reasoning (BW, rs=.16, p=.239, BL, rs=.08, p=.589), with infants with larger birth 
anthropometric measurements performing better over the identified subscales. Furthermore, 
significant associations between head circumference at birth suggest better developmental 
outcomes at 5 years of age over all but the Practical Reasoning (rs=.09, p=.543) subscale for 
children in the PAE group. Language proved the most heavily influenced variable within the 
Control group at 5 years of age, with poorer performance associated with smaller birth head 
circumference (rs= -.37, p=.033). Children of mixed ethnicity performed worse than their Black 
counterparts over language (rpb = -51, p = .001), fine motor (rpb= -.42, p=.012) higher-order 
adaptive (rpb= -.38, p=.022) abilities and the General Quotient (rpb= -.40, p=.017). No significant 
correlations emerged between infant variables and any subscales of the FAS/PFAS group at 5 
years of age. 
 
Table 18 describes maternal variables associated with developmental outcome as assessed using 
the GMDS/ER at 5 years of age.  
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Table 18 Correlations between maternal variables and developmental performance over GMDS/ER subscales at Time 
2 
Correlations between maternal variables and developmental performance over GMDS/ER 
subscales at Time 2  
Note. Time 1=7-12 months of age, †=missing data, *p <0 .05, ** p <0 .01 
 
GMDS/ER Subscales Study Group 
Maternal 
Age 
Marital Status Mothers Grade Employment Children  
Alive 
Locomotor 
Control .16† -.13† .13† -.14† .14† 
PAE -.21† .12† .11† -.00† -.14 
FAS/PFAS .34† .27 .28† .25 .03 
Personal- Social 
Control .19† -.32† .39†* -.33† .08† 
PAE -.16† .03† .06† .06† -.09 
FAS/PFAS .06† .41* .14† -.17 -.10 
Language 
Control .35†* -.27† .33† -.14† .24† 
PAE -.16† .22† .18† .05† -.19 
FAS/PFAS .24† .32 .14† .05 -.13 
Eye-Hand Coordination 
Control .11† -.25† .27† -.34† .06† 
PAE -.17† -.08† .18† .13† -.16 
FAS/PFAS .35† -.04 .21† .12 .05 
Performance 
Control .09† -.05† -.05† .02† -.13† 
PAE -.24† .12† .30†* .23† -.26 
FAS/PFAS .30† .14 -.05† -.07 .01 
Practical Reasoning 
Control .15† -.16† .24† -.31† .10† 
PAE -.05† -.07† .10† -.00† -.13 
FAS/PFAS .10† .28 .30† .02 -.24 
General Quotient (GQ) 
Control .20† -.19† .29† -.28† .09† 
PAE -.23† .08† .25† .15† -.22 
FAS/PFAS .29† .24 .23† .06 -.08 
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Children from the FAS/PFAS group, whose mothers were married, performed better over the 
Personal–Social (rs=.41, p=.027) subscale at 5 years of age. Higher levels of maternal education 
were related to better general achievement over the Performance subscale (rs=.30, p=.031) of the 
PAE group, while amongst the Control group similar positive associations were described over 
social adaptive function subscale (rs=.39, p = .029). Children from the Control group with older 
mothers performed significantly better on their language ability (rs=.35, p=.040).  
 
Finally, Table 19 presents the pregnancy and lifestyle findings, as analysed at 5 years of age, for 
each group. With age, the later a pregnancy was discovered, the poorer the performance over all 
but the Personal–Social (rs= -.44, p=.242) and Practical Reasoning (rs= -44, p=.232) subscales of 
the FAS/PFAS group. In addition, the longer mothers breastfed their children from the 
FAS/PFAS group, the better their gross motor (rs= .47, p =.015) and practical reasoning 
outcomes (rs=.56, p=.003) at 5 years of age. While, a similar positive correlation between length 
of breastfeeding and developmental outcome on the Practical Reasoning subscale (rs=.32, 
p=.020) was identified for the PAE group, the shorter the duration of breastfeeding in the Control 
group, the poorer their performance over language abilities (rs=.46, p=.014) at 5 years of age.  
While, no significant associations between alcohol and tobacco use prior to and/during the 
pregnancy of the child of interest, were reported amongst those in the FAS/PFAS group, negative 
correlations emerged amongst the PAE group over all but the Language (rs= -.34, p=.018) and 
Practical Reasoning (rs= -.26, p=.080) subscales at 5 years.  
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Table 19 Correlations between maternal lifestyle and pregnancy variables and developmental performance over 
GMDS/ER subscales at Time 2 
Correlations between maternal lifestyle and pregnancy variables and developmental 
performance over GMDS/ER subscales at Time 2 
Note. Time 1=7-12 months of age, Preg=pregnancy; #=number, Cig=cigarettes, alc=alcohol, †=missing data, *p<0.05, ** p<0.01 
 
GMDS/ER Subscales Study 
Group 
Month 
preg 
Length 
Breastfeedi
# of Cig 
prior preg 
# of Cig 
during preg 
Total units of alc 
prior preg 
Total units of 
alc during preg 
Locomotor 
Control -.14† -.09† .21† .10† -.18 - 
PAE -.02† .12† -.14† -.19† -.44†** -.19† 
FAS/PFAS -.76†* .47†* .09† .08† .23† -.07† 
Personal- Social 
Control -.33† -.20† .13† .02† -.14 - 
PAE -.14† .01† -.09† -.12† -.34†* -.05† 
FAS/PFAS -.44† .17† -.01† .02† .07† .06† 
Language 
Control .09† -.46†* .15† .19† -.02 - 
PAE -.01† .18† -.07† .03† -.27† -.20† 
FAS/PFAS -.78†* .27† .08† .03† -.01† -.26† 
Eye-Hand Coordination 
Control -.37† -.20† .02† .05† -.12 - 
PAE -.15† .00† -.17† -.22† -.38†** -.08† 
FAS/PFAS -.72†* .35† .27† .20† .13† -.08† 
Performance 
Control .11† -.02† .12† .19† .00 - 
PAE .08† .04† -.26† -.19† -.34†* -.04† 
FAS/PFAS -.76†* .14† -.11† -.12† -.01† -.11† 
Practical Reasoning 
Control .02† -.09† .19† .16† -.10 - 
PAE .31† .32†* -.06† -.08† -.26† -.19† 
FAS/PFAS -.44† .56†** .21† .11† .01† -.17† 
General Quotient (GQ) 
Control -.11† -.18† .18† .11† -.14 - 
PAE .04† .17† -.16† -.15† -.49†** -.14† 
FAS/PFAS -.78†* .34† .21† .13† .10† -.20† 
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4.3 Conclusion 
Results presented within this chapter provide both a description of the variable data collected, as 
well as a presentation of inferential findings required to address the studies research aims and 
questions. In conclusion, findings from Research Question 1 suggest that infants with FAS/PFAS 
perform worse than those from both the PAE and Control groups over gross motor and language 
abilities, assessed using the GMDS with no significant differences between those with some 
prenatal alcohol exposure (PAE) and the Control group reported during infancy.  
 
At 5 years, when compared to children from the Control group, those with FAS/PFAS, continued 
to perform poorer, with specific delays emerging between FAS/PFAS and PAE groups over 
gross and fine motor abilities, as well as skills associated with adaptive reasoning. With age, 
higher–order ability differences between the PAE and Control groups suggest the impact of low 
to moderate levels of maternal alcohol consumption.  
 
Furthermore, the consistently poor performance over time by both prenatal alcohol- exposed 
groups (i.e., FAS/PFAS, PAE groups), suggest that developmental delays may be more related to 
structural damage, as opposed to environmental harm, providing an example of the 
nature/nurture debate common in the FASD field. In addition, delays in abilities associated with 
manual dexterity, manipulation and visual–spatial reasoning, observed in the Control group may 
suggest domains of the GMDS.ER are more sensitive to environmental influence.  
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Significant relationships emerged between subscales and the General Quotient (GQ) within both 
the GMDS and GMDS-ER versions, regardless of prenatal alcohol exposure. During infancy all 
groups describe associations between subscales as assessed by the GMDS. While trends continue 
to exist between the subscales at 5 years of age for the FAS/PFAS and Control groups, weak 
correlations emerge within the PAE group between the Locomotor and Personal–Social; 
Locomotor and Practical Reasoning and Personal–Social and Language subscales assessed using 
the GMDS-ER. Furthermore, poor group relationships were described between subscales over 
versions of the GMDS/ER. By collapsing the sample, significant relationships emerged between 
the following subscales; Locomotor and Performance; Speech-Hearing and Personal–Social. 
Findings from Research Question 2 suggest that regardless of prenatal alcohol exposure, children 
may be using different skills to complete tasks being assessed over time and that underlying 
constructs assessed by the GMDS and GMDS/ER may differ.  
 
Finally, Research Question 3 presents important findings regarding the associations of infant, 
maternal, pregnancy and lifestyle variables on early childhood development. While 
developmental performance of infants with exposure to prenatal alcohol are more likely 
associated with maternal and/ or pregnancy and lifestyle variables, with age birth anthropometric 
measurements, the length of breastfeeding impact developmental achievement over groups, 
regardless of their prenatal alcohol exposure. The following Chapter 5 provides a detailed 
discussion of the interpretation of these findings with further recommendations and limitations 
put forth. 
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Chapter 5 – Discussion and Conclusions 
Wisdom is the power to put our time and our knowledge to the proper use 
Thomas. J. Watson 
 
The salient findings are expounded in this chapter with specific reference to the patterns and 
trends identified from the data analyses. Guided by each research question as derived from the 
study aims, the following provides a discussion and interpretation of the findings, contextualising 
them in existing literature. 
5.1 Introduction 
One of the first longitudinal investigations using both infant and child versions of the 
GMDS/ER, this study aimed to describe and track early developmental outcomes of children 
with varying degrees of prenatal alcohol exposure in addition; it included a control group from 
the same, low socio-economic, postnatal environment. Secondary aims sought to compare 
performance within groups over domains of the GMDS/ER at two time points, by simultaneously 
investigating the relationship between infant performance and later achievement at 5 years. 
Finally, the influence of socio-demographic factors on developmental performance within groups 
during infancy and again at 5 years of age was considered. This chapter discusses these findings 
with reference to limitations and recommendations for future studies. 
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5.2 Developmental differences between groups with varying degrees of prenatal 
alcohol exposure 
As more and more children are diagnosed with learning, attention and behavioural problems, 
research is turning towards the impact of their prenatal environment. The relationship between 
prenatal alcohol exposure and structural, cognitive and behavioural abnormalities has been well 
documented. Considerable research describes the importance of identifying prenatal alcohol 
exposure as early as possible, but surprisingly little exists regarding early developmental profiles 
of children with varying degrees of prenatal alcohol exposure (Streissguth et al 1996; Burd et al 
2003).  
 
Findings from the current study confirmed significant developmental delays between groups 
during early childhood development. During infancy, the FAS/PFAS group performed 
significantly worse than both the PAE and Control groups in terms of gross motor and language 
abilities. With age, developmental deficits between groups widened across all domains with the 
exception of language competencies. While language achievement in the Control group 
increased at 5 years, it worsened for both the FASD and PAE groups. Small differences in effect 
sizes between groups suggest similar developmental functioning. The FAS/PFAS group 
continued to perform significantly worse than the Control group over all but language 
developmental domains with age, with significant differences emerging between the PAE group 
over gross and fine motor abilities and social adaptive functioning.  
 
While no significant differences between the PAE and Control groups were described during 
infancy, higher-order cognitive deficits become more apparent at 5 years of age, amongst those 
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with mild to moderate levels of prenatal alcohol exposure. Findings suggest an association 
between the amount of alcohol consumed by the mother prior to the pregnancy and an increased 
likelihood of neurodevelopmental effects during early childhood.  
 
Consistent evidence exists that specific regions of the brain are more vulnerable to the adverse 
effects of alcohol than others (Mattson et al., 2001; Roebuck et al., 1998; Sulik, 2005). Studies 
indicate that alcohol related damage to the cerebellum and basal ganglia, are associated with 
reduced motor coordination ability with children exposed to prenatal alcohol typically 
performing well on simple gross motor related tasks, but struggling with later more complex 
motor tasks (Autti–Ramo & Granstrom, 1991; Chandler et al., 1996; Hannigan, et al., 1993; 
Hannigan & Berman, 2000; Humphriss et al., 2010; Kalberg et al., 2006; Kodituwakku, 2007; 
Mattson et al., 2011; Valenzuela et al., 2010). Researchers, Jones et al. (1973); Streissguth et al 
(1994); Jacobson et al. (1993) and O’Leary (2004) all report evidence of similar poor gross and 
fine motor difficulties amongst infants and children exposed to prenatal alcohol exposure.  
 
Using the Vineland Adaptive Behaviour Scale (VABS), Kalberg et al. (2006) reports that while 
most of the children in their sample identified with FAS, aged 20–68 months showed significant 
delays in their gross motor development, significantly more delays were observed across fine 
motor abilities. In contrast, Adnams et al. (2001) failed to find gross motor differences in 
alcohol-affected children aged 7 years of age and argued that the Locomotor scale of the GMDS 
may be insufficiently sensitive in detecting gross motor deficits. Variations in gross motor 
findings, between studies, may be explained by a difference in ages of the samples. Furthermore, 
biological mobility is often regarded as the net result of the activity of complex spinal or 
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brainstem machineries, with motor behaviour one of the best indicators of well-being in the first 
year of life. Gross motor delays may be more evident during infancy, due to maturation rather 
than the level of skills involved (Piaget, 1952, McCall, 1981). Converging evidence suggests that 
regions of the brain which mature first, such as the brain stem and cerebellum, play a critical role 
in the development of elementary functions; such as, associative learning and reflexive responses 
(Salman et al., 2006; Kodituwakku et al., 2011). Piaget’s sensori-motor phase refers to gross 
motor skills as being predetermined, elementary abilities used to explore and gain information 
from the surrounding environment (Piaget, 1952). Thus, findings indicate that general slowness 
amongst infants with FASD in responding and orientating to stimuli may be secondary, affecting 
visual processing and subsequent executive functioning (Piaget, 1952; Kable & Coles, 2004; 
Stanton & Goodlet, 1998). While the current study confirmed the presence of gross motor delay 
at 5 years of age in the FAS/PFAS group, findings may have been influenced by the use of the 
revised version of the GMDS-ER which could be more sensitive than the older version of this 
scale in detecting these gross motor difficulties (Luiz et al., 2004). Barr et al. (1990) reported 
both fine and gross motor delay amongst 4-year old children, moderately exposed to prenatal 
alcohol exposure. Corroborating Barr’s conclusions, the current study found similar poor gross 
motor performance during infancy and at 5 years of age. While both studies describe moderate 
levels of prenatal alcohol use, the current study includes two further groups namely, heavy 
alcohol use and non-drinkers.  
 
While differences in motor development are less important in the overall diagnostic criteria for 
FASD, Kalberg et al. (2006) suggests that this area may become one of interest, especially when 
confirming an early diagnosis and in understanding the overall development of children exposed 
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to alcohol. Evidence suggests that when impaired, these basic motor functions influence the 
development of subsequent higher-order skills (Herbert et al., 2003; Salman et al., 2006; 
Vygotsky, 1978, 1986). Early gross motor deficits affect the developing child’s ability to explore 
and learn about his world, thus affecting his subsequent cognitive development (Piaget, 1952; 
1963). These findings concur with previous findings that developmental motor delays in children 
with FAS often parallel cognitive delays (Osborn et al., 1993). Although the current study was 
able to confirm gross motor deficits amongst children diagnosed with FAS/PFAS over time, it 
did not find significant fine motor delays during infancy amongst the same group, with 
significant lags only emerging at 5 years of age. In contrast, Van der Leeden and colleagues 
(2001) were able to report poor fine motor development amongst infants of 7 months of age 
using a neurological examination. A possible explanation for fine motor differences found at 5 
years of age but not during infancy may lie in the possibility that the Eye Hand Coordination 
subscale of the Infant Version of the GMDS may be less sensitive to detecting fine motor 
deficits, especially amongst prenatal alcohol exposed infants than the version of the GMDS/ER 
for older children.  
 
Due to the holistic nature of childhood development, it is accepted that developmental domains 
are interrelated and that similar correlated constructs may be assessed across domains, especially 
during infancy when motor ability forms an important developmental milestone. According to 
Griffiths, each subscale of the GMDS was devised to be used individually or collectively where 
necessary (Griffiths, 1970; 1984). Consequently, the Eye Hand coordination subscale could be 
used in conjunction with the Locomotor subscale to obtain a clearer picture of the child’s motor 
abilities including gross motor skills, such as crawling and walking; manipulative skills, fine 
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motor skills such as playing with or co-ordinating blocks and stability skills of balance and 
control (Gallahue & Ozmann, 1995; Griffiths, 1970; 1984; Matney, 1999). 
 
The absence of significant differences during infancy between the PAE and Control groups in 
areas of development, suggests there may be no effect or too little effect to be detectable due to 
the current samples size. Alternatively, findings may describe the considerable variability in the 
PAE group with the effects of prenatal alcohol exposure dependant on the time during pregnancy 
when alcohol was consumed. It is known, due to teratogenic central nervous system (CNS) 
damage, children with some prenatal alcohol exposure may not present with all the classic FAS 
features but neurodevelopmental deficits, especially in higher-order cognitive domains may 
become more evident as the child develops (Connor et al., 2000; Kodituwakku et al., 2001; 
Mattson et al., 1999; Stratton et al., 1996; Willford et al., 2004). Given the marked individual 
differences in maternal alcohol metabolism, functional and developmental deficits are likely. 
Previous studies have confirmed the relationship between the dose of alcohol and observed 
effects on structural brain abnormalities, as being critical with developmental outcomes 
dependent on various factors such as; the quantity, frequency and timing of the alcohol exposure 
(Autti-Ramo & Granstom, 1991; Larroque et al., 1995; McCarver, 2001; Streissguth et al., 
1986). While the timing of maternal alcohol consumption was not recorded in the current study, 
it may explain the lack of significant developmental differences, especially during infancy, 
between the PAE and Control groups.  
 
While increases in the various assessed developmental domains were found between infancy and 
5 years of age amongst children with no alcohol exposure, results relating to the FAS/PFAS and 
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PAE groups tentatively suggest decreases in higher-order cognitive abilities, as assessed by the 
language, fine motor and performance subscales of the GMDS-ER at 5 years. Similar findings 
have been described amongst samples of poorly resourced communities. Similar higher-order 
delays were described in both the FAS/PFAS and PAE groups when compared to the Control 
group. Findings suggest that mild to moderate levels of prenatal alcohol exposure combined with 
environmental factors have more damaging effects on executive, cognitive development than 
purely environmental variables. Another explanation may be that while the GMDS is able to 
identify deficits associated with heavy alcohol use during infancy, it proves less sensitive in 
detecting subtler delays resulting from mild to moderate prenatal alcohol exposure.  
 
While children with FAS/PFAS from the current study continued to perform significantly worse 
than the PAE and Control groups in terms of motor ability, with age, further developmental 
differences became apparent over higher-order constructs (namely the Performance and Practical 
Reasoning subscales). At 5 years of age, alcohol exposed children, i.e. those in the FAS/PFAS 
and PAE groups, obtained significantly lower scores on the Performance and Practical 
Reasoning subscales of the GMDS-ER when compared to their non-exposed counterparts. As 
both these subscales provide good estimates of higher-order processes involved in logical 
reasoning and executive functioning, these findings concur with existing evidence of significant 
impairments in problem solving abilities, abstract thinking, planning and cognitive flexibility 
amongst children with heavy prenatal alcohol exposure (Adnams et al., 2001; Coles et al., 1992; 
Kerns et al., 1997; Kodituwakku et al., 2001; Mattson, et al., 1999; Streissguth et al., 1994). A 
poor performance on the Practical Reasoning subscale, if associated with a low score on the 
Performance subscale may further indicate that the child has developmental delay, a possible 
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precursor to intellectual disability, with serious educational implications (Luiz et al., 2004). 
Findings support the notion that with age, as task demands become cognitively more demanding, 
the FAS/PFAS and PAE groups find them more challenging when compared to their non-
exposed counterparts (Kodituwakku et al, 2011).  
 
It is encouraging that the current findings on the GMDS-ER at 5 years of age parallel those of 
previous research on executive functioning and visual-spatial processing in children with 
prenatal alcohol exposure (Connor et al., 2000; Kerns et al., 1997; Kodituwakku, et al., 2001; 
Mattson et al., 1999; Rasmussen, 2005). With poor executive functions observed in both groups 
exposed to prenatal alcohol it seems likely that these significant delays may well be related to 
their exposure to alcohol in utero. This statement, however, is made with caution as no causal 
conclusions could be reached due to the correlational design of the study. Furthermore, various 
research describes the influence of external contributory factors, such as infant anthropometric 
measurements, maternal age, level of educational and nutritional status to name a few, as 
contributors to development of the child (Baker–Henningham et al., 2003; Bradley & Corwyn, 
2002; Brooks–Gunn & Duncan, 1997; Brooks-Gunn et al., 1996; Brooks-Gunn, Guo & 
Furstenberg, 1993; Chetty, 2012; Cockcroft et al., 2008; Ensminger & Fothergill, 2003; Gale et 
al., 2006; Grantham–McGregor, et al., 2007; Hack, Klein & Taylor, 1995; Hamadani & 
Grantham–McGregor, 2004; Kirksey & Wachs, 1994; Lalloo, 1997; Mistry et al., 2004; Richards 
et al., 2002; Shenkin, Starr & Deary, 2004; Short, 1987; Silva et al., 2006; Sirin, 2005). It is 
important to consider this even when dealing with prenatal alcohol exposed groups. The impact 
of external factors on childhood development will be discussed in more detail in section 5.4. The 
findings from the current study provide further important insights into identifying delays in 
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abilities associated with attention, skill in manipulation, visual-spatial reasoning, problem 
solving and concept formation, all which underpin aspects of later executive functioning. While 
the Extended Version of the GMDS-ER is able to evaluate some aspects of executive function, it 
is not a specialist executive functioning test and it is suggested that further, more detailed 
assessments of executive functioning should be used in future studies. Deficits in executive 
functioning translate directly into dysfunctional behaviour and problems with daily functioning, 
as well as academic and later occupational functioning (Kelly et al., 2000; Kodituwakku et al., 
2001; Schonfield et al., 2006; Steinhausen, 1995; Streissguth et al., 1991; Whaley et al., 2001).  
 
While the PAE group performed slightly below that of the Control group on adaptive skills, the 
FAS/PFAS group generally demonstrated significantly lower scores as both infants and at 5 
years. In contrast, Coles et al. (1991) found alcohol–exposed children to be comparable to 
controls in terms of their adaptive skills. Similarly, Adnams and colleagues (2001) reported no 
adaptive skill deficits in children aged 7 years with FAS and suggested that the Personal-Social 
subscale of the GMDS may be less discriminating of these skills in the FAS child, when 
compared to other subscales. While evidence suggests that poor maternal care during the first 
few years of life may result in social deficits, affecting bonding and attachment, it seems in some 
cases such deficits amongst alcohol exposed individuals may largely be exacerbated by the 
alcohol insult on specific regions of the brain (Bowlby, 2000; Kelly et al., 2000). Lack of 
significant differences may in part be due to the less objective nature of the Adaptive subscale–
especially in the Infant Version (Huntley, 1996).  
Many of the afore-mentioned studies comprise samples that vary in age, levels of prenatal 
alcohol exposure and tests administered to the current study, as well as to each other. However, 
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they do support the idea that delayed cognitive processes, associated with prenatal alcohol 
exposure contribute to difficulties across various domains of developmental, as well as later 
academic skill. In a recent review, Kodituwakku and colleagues (2011) propose that if prenatal 
alcohol exposure leads to structural brain damage, then irregular profiles relating to both visual-
spatial (higher–order executive abilities) and verbal (cognitive) deficits would be expected in 
such children. The development of language provides important evidence of central nervous 
system (CNS) integrity and remains an important milestone for children, as well as a good 
indicator of overall development (Coplan et al., 1998). With language and thinking interrelated, 
it is not surprising that speech and language acquisition are particularly sensitive to various 
neurodevelopmental insults including those associated with neurological and oral-motor 
impairment, hearing loss and general cognitive delay (Piaget, 1952; 1963).  
 
Few studies have examined the language skills of children with varying degrees of prenatal 
alcohol exposure, with those that have demonstrating highly variable results. Studies of children 
with substantial prenatal alcohol exposure all report marked deficits in language development, 
including expressive and receptive abilities, naming, word comprehension, grammar, semantics 
and pragmatics (Abkarian, 1992; Becker et al., 1990; Carney & Chermak, 1991; Conry, 1990; 
Janzen et al., 1995; Mattson & Riley, 1998; Mattson et al., 1997). Poor language abilities in all 
groups were found in by the current study. Infants from the FAS/PFAS and PAE groups 
performed well below average with those from the Control group performing slightly below 
average. With age the language abilities of the Control group increased, with those in the group 
associated with prenatal alcohol exposure decreasing and remaining below average. This may 
suggest that either language ability within this community is poor and/or that the GMDS/ER is 
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unable to differentiate between the more obvious languages differences associated with prenatal 
alcohol exposed groups.  
 
The current study found substantial differences between groups in terms of language ability, 
during infancy, with differences reported at 5 years of age between the FAS/PFAS and Control 
groups. Similar results were reported by Fried and colleagues (1988, 1990 &1992) with 
significant associations between prenatal alcohol exposure and language delay at 13 months, 2 
and 3 years of age but not at 4-years of age (Fried & Watkinson, 1988; Fried & Watkinson, 1990 
& Fried, O’Connell & Watkinson, 1992). Coles and colleagues also failed to find any association 
between alcohol exposure and the language ability of a group of children aged 5 years 10 
months, suggesting that language skills may be more preserved than skills associated with visual 
spatial ability (Coles et al., 1991).  
 
In contrast, McGee et al. (2009) describe marked deficits in both expressive and receptive 
language abilities, amongst preschool children, aged 3–5 years with heavy prenatal alcohol 
exposure, using the Clinical Evaluation of Language Fundamentals, Preschool version (CELF-
P). Using the GMDS, Adnams et al. (2001) further describe poor language performance of 35 
South African children with FAS at 7 years of age, as being highly distinguished from a matched 
control group. Differences in verbal findings between the current and afore-mentioned studies 
may be explained by the measurements used and the age of the samples. The CELF-P may be 
more sensitive in detecting language deficits in children younger than 5 years of age, while the 
GMDS seems able to do so at 7 years of age (Adnams et al., 2001; McGee et al., 2009). Another 
possible explanation for the current study’s language findings may relate to the comparison of 
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verbal skills over various age groups. According to the natural progression of language 
development, items assessed by the GMDS/ER vary depending on the age of the child. In the 
first year, infants are assessed according to their use of words, through labelling objects with a 
definite meaning such as “mama, dada”. With age, speech develops with an increase in 
vocabulary; by the fifth year, the child is being assessed on their usage of descriptive words, 
understanding of opposites and ability to describe the function objects (Griffiths, 1970, 1984; 
Luiz et al., 2004). While the reported low correlations obtained between versions of the 
GMDS/ER over time are discussed in more detail in section 5.3, this may offer a possible 
explanation for language findings from the current study suggesting a limitation in the 
methodology of the study rather than a specific developmental difference. Developed to focus on 
a child’s pace of attaining age–appropriate developmental skills, the GMDS/ER may also be less 
suited to evaluating specific domains of dysfunction. Overtime, furthermore, while capable of 
detecting developmental deficits associated with heavy prenatal alcohol exposure, at both time 
points, the GMDS/ER may be less sensitive in distinguishing those associated with lower levels 
of alcohol, especially during infancy.  
 
A possible explanation for the significant differences at 5 years of age but not during infancy 
over higher-order cognitive abilities of alcohol-exposed groups may be that the Infant version of 
the GMDS is not sensitive enough in detecting higher-order cognitive abilities during infancy. 
Alternatively, from a biological perspective the immaturity of an infant’s higher-order cognitive 
abilities may restrict the ability of assessing such constructs prior to their emergence (Piaget, 
1963).  
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Explanations for the diverse findings between research studies include variations in their 
methodologies, subject characteristics, sample sizes, age ranges, and varying assessment tools 
and in some cases, the lack of comparison groups (Kodituwakku, et al., 2011; McGee et al., 
2009). Furthermore, the variable nature of the effect of prenatal alcohol exposure is likely to 
determine the level of structural damage to specific brain regions, contributing to variations in 
developmental outcomes. While the current study compared groups with varying degrees of 
prenatal alcohol exposure, other studies only included children with lower levels of exposure 
(but diagnosed as Non-FASD) (Fried et al., 1988, 1990, 1992). 
 5.3 Relationship between infant performance and later achievement over 
developmental subscales of the GMDS/ER 
The latent variable of child development is difficult to measure, especially over time. Confidence 
that a developmental test’s ability to measure the same functional skills over time is essential, yet 
to date no studies have examined subscale correlations between the Infant and Extended versions 
of the GMDS/ER an advantage afforded by the longitudinal study reported in this thesis.  
While a number of studies have focused on the neurocognitive profiles of children with FASD 
during school-going age (Adnams et al., 2001; May et al., 2000; May et al., 2008; Urban et al., 
2008; Viljoen et al., 2005), few have addressed the developmental profiles of such children, 
during infancy and early childhood using the GMDS/ER. Findings from the current study 
indicate that regardless of prenatal alcohol exposure, no significant correlations emerged 
between subscales of the Infant and Child versions of the GMDS/ER over time. This suggests 
that subscales used to assess development in infancy are possibly measuring different constructs 
to those being used at 5 years of age. Due to the limited availability of research relating to the 
correlations between versions of the GMDS/ER, it proves difficult to compare our findings to 
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other studies. As the lack of correlations is true for all groups in the present study, it confirms 
findings have more to do with the instrument and constructs being measured, and less to do with 
prenatal alcohol exposure.  
 
These findings concur with those of Luiz et al. (2006) who similarly described the evolving 
nature of childhood in which they sought to identify the underlying dimensions tapped by 
subscales of the GMDS/ER in a sample of 180 South African children aged between 5 and 7 
years of age. Their findings confirm that more discrete, cognitive, motor and personal–social 
functions being tapped by the subscales are less clearly delineated; possibly suggesting various 
aspects of the constructs being tapped over different years. Luiz et al. (2006) stressed that their 
findings may point to the structure of the GMDS/ER in that items are placed in order of 
difficulty for each year. Similarly, this may prove an important contributor in the present study. 
While the Luiz et al. (2006) study differs to the current studies in regard to the ages of children, 
it stands to reason that if constructs being assessed in their study between 5 and 7 years of age 
differ, then similar findings would be expected between infancy and 5 years of age, when 
developmental progression is greater. Another difference between the current study and that of 
the afore-mentioned by Luiz et al (2006) was their use of the revised version of the GMDS-ER, 
where the current study used both the Infant version of the GMDS and the Revised Version of 
the GMDS, which may have further influenced the findings. Furthermore, while the current 
study included children from more rural, impoverished communities with varying developmental 
histories, due to prenatal alcohol exposure, the Luiz et al. (2006) study assessed children from 
urban areas considered to have had a normal birth and developmental trajectory. By implication, 
findings from the current study make it difficult to draw longitudinal conclusions regarding the 
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early childhood development of groups, with different constructs being assessed at different 
ages, using both versions of the GMDS/ER. Possible reasons for the current study’s findings may 
in part be due to the small group sizes and/or the presence of outliers, known to influence 
correlational analysis (Field, 2009).  
 
While not a main aim of the study, groups were collapsed, in an attempt to increase the sample 
size and thus the ability to detect an association between developmental constructs over versions 
of the GMDS/ER. The only significant association suggested that the better an infant’s gross 
motor ability assessed by the Infant Version of the GMDS, the higher their score at 5 years of 
age over the Performance subscale on the GMDS/ER, measuring manipulation skills. The nature 
of the Performance subscale of the GMDS-ER at 5 years of age includes items, which assess size 
discrimination, form perception, manual dexterity, construction with memory and visual spatial 
reasoning (Luiz et al., 2004). At 5 years of age, both the Fine Motor subscale and Performance 
subscale of the GMDS/ER require the child to demonstrate their ability to carry out a range of 
fine motor tasks (Luiz et al., 2004). In order to do so the child would need to possess a level of 
spatial and visual perception appropriate for his age, developmental constructs which form the 
foundations during early gross and fine motor development. Previous research suggests an 
association between basic sensori–motor functions and later more sophisticated higher-order 
executive functions, which may explain a possible reason for the current study’s findings 
(Herbert et al., 2003; Salman et al., 2006; Vygotsky, 1978, 1986). Another finding from the 
current study describes a positive association at 5 years of age, between social adaptive 
functioning and infant language ability. Items of the Personal-Social subscale of the GMDS-ER 
at 5 years of age assess the child’s proficiency in daily living activities, his level of independence 
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and ability to interact with other children. A number of items are language based such as: "Are 
you a boy or a girl?”; “How old are you?”; “What is your family name”? It makes sense then that 
children with speech and language delay may not accurately be able to answer these questions; 
hence it is not surprising that a link between early language ability and later performance over 
the social adaptive functioning subscale of the GMDS–ER is evident.  
 
Finally, findings from the current study suggest a relationship between general infant ability 
measured by the general quotient (GQ) and later performance over social adaptive functioning, 
fine motor ability and manipulation constructs assessed at 5 years of age, across groups. As the 
general quotient (GQ) is calculated by combining subscale scores, it is obvious that it would be 
correlated with each subscale within the same version (Luiz et al., 2006; Griffiths, 1970). As part 
of the standardisation procedure, Griffiths (1970) studied the interrelationships between 
subscales and the General Quotient (GQ) of 285 British children in their fifth year and similarly 
described correlations between all subscales, thereby confirming internal consistency of each 
version. Given the nature of the constructs identified at 5 years of age, it is possible that the 
Infant version of the GMDS is capable of identifying later more specific, higher-order cognitive 
abilities. Alternatively, it may suggest that the GMDS-ER at 5 years of age is more sensitive to 
variations associated with language, manipulation and social adaptive functioning.  
What is evident is that subscales over versions of the GMDS/ER tap more than one construct. 
While Griffiths (1970) supports that each subscale measures only one prospect of development, 
These findings concur with those of Luiz et al. (2006) in which they examine underlying 
dimensions tapped between subscales within the GMDS-ER, in a sample of 180 children aged 
between 5 and 7 years of age. Furthermore, they similarly confirm the evolving nature of 
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childhood development, in which aspects of the construct being tapped differ over different years 
(Luiz et al., 2006).  
 
No other studies appear to have described the longitudinal relationship between subscales over 
versions of the GMDS/ER. Possible explanations may suggest that findings had been influenced 
by the structure formation of the measures, in that items within each subscale were placed in an 
increasing order of difficulty, within each conceptual year (Luiz et al., 2006). Secondly, direct 
comparisons between versions of the GMDS/ER are likely to be prone to misinterpretation due 
to the difference in means and standard deviations of the instrument (Ivens & Martin, 2002). It 
was hoped that using converted z-scores for both versions of the GMDS/ER in the current study 
would help overcome some potential misinterpretation errors.  
 
Another reason for a non-significant correlation between versions of the GMDS/ER may be the 
reduced retest reliability for the infant version. Researchers report low test-retest reliability for 
infants under a year of age, with higher reliability existing from the second year onwards, 
suggesting a weakness in the longitudinal nature of the instrument (Huntley, 1996; Knoesen, 
2003, 2005; Kotras, 2001, 2003; Luiz, 1988a, 1988b, 1988c, 2006; Laughton et al., 2010; Luiz et 
al., 2004; 2006, 2001). In a study describing the developmental profile of infants from a low 
socio-economic background in South Africa, Laughton and colleagues (2010) compared the 
GMDS scores obtained at 10–12 months to those at 20–22months. Scores of the thirty-one 
infants in the group were within average limits at 11 months, and other than Locomotor, 
decreased significantly in their second year of life, with Language most affected. They conclude 
that while the GMDS is a valuable tool of assessment for young South African children it may 
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over-estimate infant abilities in the first year of life, especially amongst children in deprived 
settings.  
 
While not completely surprising, given the structural differences in the central nervous system 
(CNS) between age groups, the lack of significant correlations between subscales of the 
GMDS/ER from infancy to childhood in the current study may suggest the use of different skills 
to complete tasks at different age groups. As the GMDS is generally used as a tool to measure 
skills and their development from birth to 8 years of age, poor correlations between versions is 
concerning. The absence of overlap in abilities found in our study, between versions of the 
GMDS/ER, suggests certain infant skills may relate to later performance over cognitive and 
social adaptive subscales.  
 
It is impossible to know whether the lack of correlation found represents the influence of 
confounding environmental factors. Experts in teratology emphasise the importance of 
considering relevant covariates in examining the effects of prenatal alcohol exposure during 
early childhood, with studies describing how risk factors often co-occur and interfere with 
children’s development (Engle et al., 2007). A question asked in the present study was which 
socio-demographic variables were most strongly associated with developmental achievement 
during early childhood amongst groups with varying degrees of prenatal alcohol exposure and a 
Control group from the same community. The following section describes the relationships 
between the identified variables and the interdependent subscales of sensory–motor, cognitive–
language and social–emotional functions, assessed by the GMDS/ER.  
136 
 
5.4 Impact of socio-demographic variables on early childhood development 
Unfortunately most assessments of development over time are influenced by the child’s 
environmental experience. Results from the current study indicate that a complex set of variables 
are at play, each of which alone could have negative impacts on the developing child, yet in 
combination, their efforts are compounded, making it almost impossible to separate them out. 
Associations between socio-demographic variables and early childhood development identified 
in the current study are discussed under the following sections: infant, maternal and pregnancy, 
lifestyle characteristics.  
5.4.1 Infant characteristics. 
It is clear from the significant correlations in the present study that several infant demographic 
variables were associated with poor developmental outcomes during early childhood, although 
more were anticipated. The fine motor ability of male infants from the Control group in the 
current study emerged as poorer than those of female infants. These findings are consistent with 
other developmental studies suggesting that while boys’ gross motor and spatial memory skills 
generally develop at a slightly faster pace than girls’ do, they are slower at developing language 
and fine motor skills (Arcenaux et al., 1996; Born et al., 1987; Blakemore et al., 2009; Halpern, 
2000; Maccoby & Jacklin, 1974; Reinisch & Sanders, 1992). Findings suggest that the time and 
rate of development of certain areas of the brain, associated with language, spatial memory, 
motor coordination and social adaptive functioning may vary according to gender, influencing 
developmental abilities (Hanlon, Thatcher & Cline, 1999).  
The current study did not find similar gender differences within alcohol-exposed groups. These 
findings compare to previous studies, which similarly report no gender associations, based on 
prenatal alcohol exposure (Mick et al., 2002). In contrast, animal studies have demonstrated 
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gender differences in the effects of prenatal alcohol exposure on responsiveness to stress, 
suggesting greater vulnerability among female offspring (Weinberg, 1992). In a study conducted 
by Rasmussen, Horne and Witol (2006), significant associations between gender and executive 
functioning abilities were reported with girls rated as having more executive functioning 
difficulties than boys at 9.5 years of age. As they used the Behavioural Rating Inventory of 
Executive Function (BRIEF), they suggest this finding may reflect a bias among parents of girls 
or it may well be that girls with FASD display more serious deficits in executive functioning 
than boys. In other studies, girls were more likely to demonstrate mental health problems 
between ages 4 and 8 years (Kapil et al., 2007), while boys aged 6-16 years with FASD were 
more likely to be diagnosed with ADHD than girls with the same diagnosis (Herman et al., 
2008). Findings associated with gender differences amongst groups with prenatal alcohol 
exposure are limited and inconsistent in their results and outcome measures, future studies are 
needed in this regard. The lack of gender associations described in the current study may further 
be explained by the gender ratio of the sample.  
 
An unexpected finding describes the impact of ethnicity of non–exposed children, over language, 
eye hand coordination, concept formation and problem solving abilities at 5 years of age with 
those of mixed ethnicity performing worse when compared to their Black counterparts. Similar 
significant differences were described in a study within and between black, coloured, white and 
indian children, aged 5 years of age (Allan, 1992; Bhamjee, 1991; Luiz et al., 2001). While 
findings from the current study are relevant, they do not necessarily suggest cultural differences 
over specific subscales and may provide more valuable information based on the impact of other 
socio-demographic factors such as smoking, violence or types of deprivation associated with a 
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longer history of acculturation, due to the history of colonisation and slavery. Findings may also 
be explained by the unequal proportions of mixed ethnic and black participants within the 
sample. Groups were not matched according to ethnicity, with more mixed ancestry children 
found in the alcohol-exposed groups. This in itself is an important finding. Although an 
emerging, slightly controversial field transgenerational epigenetic studies describes significant 
correlations between environmental exposures at critical periods and cross-generational 
outcomes of alcohol exposure, which may explain some of the ethnic developmental differences 
described in the current study (Bygren, Kaati & Edunsson, 2001; Pembrey et al., 2006). Future 
studies are needed to explore this. Findings from the current study indicate that while differences 
between groups are less obvious during infancy, they emerge as more evident at 5 years of age, 
particularly over complex, higher-order functions.  
 
Decreased birth weight, height and head circumferences in developing countries have been 
associated with poor maternal nutrition and further constraints in fetal nutrition, impacting early 
brain development and later functional development in adulthood (Brown & Pollitt, 1996; 
Fattal–Valevski et al., 1999; Grantham–McGregor & Fernald, 1997). It is clear from the present 
study that birth measurements influence developmental ability at 5 years of age over gross and 
fine motor, adaptive functioning, manipulation and speed abilities, amongst children with mild to 
moderate levels of alcohol exposure (PAE group) with a possible effect of small fetal size related 
to alcohol exposure. Children from the PAE group, with larger head sizes at birth, performed 
better over language abilities at 5 years of age. Similarly, those from the Control group with 
smaller head measurements performed poorly. In summary, children with better birth 
anthropometrics performed better when compared to those with smaller measurements.  
139 
 
Findings suggest that developmental performance is influenced by prenatal environmental or 
genetic factors that determine both head size at birth and postnatal growth. In at least one cohort 
of a South African study, maternal head circumference of FAS children was significantly smaller 
than the comparison group (May et al., 2005) which may indicate mothers of FAS/PFAS 
children may themselves have FAS/PFAS. While measurements of maternal head circumference 
were not reported in the current study, it is important to consider their link to infant head 
circumference as a possible explanation for decreased performance during early childhood. 
Findings from the current study suggest language abilities of children aged 5 years of age with 
no prenatal alcohol exposure, assessed using the GMDS/ER are likely associated with head 
circumference measurements at birth. While birth head circumference does not emerge as being 
significant amongst groups with FAS/PFAS in the current study, research indicates that children 
diagnosed with FASD are more likely to present with smaller head circumferences. This suggests 
that head circumference remains an important feature when making the FAS/PFAS diagnosis 
(Hoyme et al., 2005; Naidoo et al., 2005; O’Leary, 2004; Riley et al., 1995; Urban et al., 2008; 
Viljoen et al., 2005). The relationship between maternal substance use and physical 
development, seen as general growth delay, smaller head size and lower birth weight has been 
well researched, with links between physical development and poorer developmental outcomes 
and lower IQs evident (Coles et al., 1992; Mills et al., 1984; Streissguth et al., 1985). While 
many previous studies examining the impact of birth measurements failed to consider prenatal 
alcohol exposure, the current study adds to existing literature by suggesting that regardless of 
mild to moderate levels of prenatal alcohol exposure, infants with better birth measurements 
performed better over specific developmental abilities.  
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Findings from the present study further describe specific protective variables, such as duration of 
breastfeeding and birth measurements both associated with intrauterine and postnatal infant 
nutrition, as being related to better developmental performance at 5 years of age amongst 
children exposed to mild-moderate levels of prenatal alcohol. Regardless of prenatal alcohol 
exposure, birth measurements remain useful, even at 5 years of age, in the identification of the 
period during which malnutrition occurred. Evidence from animal research suggests a complex 
interplay of early under–nutrition, iron-deficiency, environmental toxins, stress, poor stimulation 
and the quality of the environment which modify the structure’s and functions of brain regions 
with subsequent lasting effects (Brown & Pollitt, 1996). Earlier animal investigations revealed 
paternal alcohol use is associated with low birth weight and cognitive and behavioural delays, 
very few recent studies have confirmed these findings, suggesting the speculative nature of this 
line of research (Cicero, 1994; Hegedus et al., 1984; Little & Sing, 1987). While paternal alcohol 
use was not described in the present study, high rates of alcohol use have been reported in the 
community and may serve to explain decreased performance over all groups in the current 
sample (Parry, 1998).  
 
In contrast to previous research, no evidence was found in the current study of significant 
association between maternal smoking and poor developmental performance during infancy 
(Bove et al., 2002; Martin, Dombrowski, Mullis, Wisenbaker, J & Huttunen, 2006). However, 
with 48% of mothers from the current sample confirming smoking during pregnancy, findings 
compare to previous studies describing the interaction between smoking, drinking and evidence 
of increased risk of preterm labour, low birth weight and growth restrictions (Odendaal et al., 
2009).  
141 
 
5.4.2 Maternal characteristics. 
Results from the current study suggest that specific maternal variables, particularly those 
associated with socio-economic status (SES) are linked to deficits in development during early 
childhood. Although specific income indicators were not collected in the current study, maternal 
level of education and occupation are generally well correlated and good estimates of income 
(Ensminger & Fothergill, 2003; Sirin, 2005). Maternal education emerged, in the current study, 
as being negatively associated with fine motor performance during infancy amongst the PAE 
group. With age, further positive associations were found over the Performance subscale, 
representing higher-order cognitive abilities. Similarly, higher levels of maternal education in the 
Control group indicated improved fine motor and social adaptive functioning abilities at 5 years 
of age. Maternal unemployment emerged as being negatively associated with language abilities 
during infancy in the PAE group. However, with age, maternal unemployment was linked to 
better performance over social adaptive functioning abilities. This may suggest that while 
mothers from the PAE group are unemployed, the stimulation and time spent with their children 
before 5 years of age, has a positive effect on their ability to interact and engage with others.  
 
Findings from a study conducted on 40 Black South African infants age between 13 and 16 
months of age, similarly indicate that children of lower socio-economic status (SES) performed 
significantly worse than more affluent counterparts (Cockcroft et al., 2008). Infants with less 
educated, non–professional mothers performed significantly worse in terms of their gross motor 
functioning. While the current study obtained similar findings related to maternal education and 
occupation, differences emerged over the identified developmental subscales, with deficits 
reported in terms of fine motor deficits and language, in contrast to those of gross motor delay 
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identified by Cockcroft et al (2008). These differences may be explained by exposure to prenatal 
alcohol, with families that abuse substances frequently characterised by socio-economic 
challenges, antisocial behaviour and other drug use (Hussong et al., 2010). 
 
It is well established that socio-economic status (SES) itself strongly influences childhood 
cognitive functions, with research amongst infants as young as 6 months, supporting the 
detrimental effects of poverty (Gale et al., 2006; Hack et al., 1995; Richards et al., 2002; Shenkin 
et al., 2004; Silva et al., 2006). In reality, a number of other factors, such as inadequate food, 
poor sanitation and hygiene are often directly related to poor maternal education, increased 
maternal stress and depression, larger family sizes and inadequate stimulation (Baker–
Henningham et al., 2003; Bradley & Corwyn, 2002; Brooks–Gunn & Duncan, 1997; Brooks-
Gunn et al., 1993; Grantham–McGregor, et al., 2007; Hamadani & Grantham–McGregor, 2004; 
Kirksey & Wachs, 1994; Mistry et al., 2004). Research suggests that children who come from 
impoverished homes with unemployed parents, with limited education do less well on 
intellectual assessments and school performance than children from more privileged homes 
(Lalloo, 1997; Short, 1987). Poverty is associated with higher fertility levels and larger 
household sizes (Grantham-McGregor, 2007). Large sections of the South African population 
suffer from poverty and are disadvantaged, in poorly resourced communities, and at particular 
risk to poor cognitive development. In the current study, the more children in the family, the 
poorer children from the Control group were likely to do on measures of language and 
manipulation abilities during infancy. However, children aged 5 years of age from the 
FAS/PFAS group, whose mothers were married were more likely to perform better over social 
adaptive functioning. These findings may go some way in explaining the association between the 
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quality of the home environment, maternal health and the child’s relationship with the caregiver 
(shown to influence levels of stimulation and later developmental ability) (Bowlby, 2000; 
Grantham–McGregor et al., 2007). While mother-infant interactions were not measured in this 
study, typically severe economic constraints and increased family size significantly reduce the 
quality and quantity of parenting due to both financial and psychological stress. The fact that the 
performance of the PAE group followed that of the Control group at 7 months but moved closer 
to the FAS/PFAS group at 5 years could suggest structural prenatal damage becomes more 
evident with age or it could be reflective of the complexity of development. Due to less exposure 
to prenatal alcohol, the PAE group showed more structural potential at birth when compared to 
the FAS/PFAS group, but may have missed key developmental milestones due to poor 
parenting/stimulation considering mothers from this group used alcohol more frequently than the 
Control group. In some cases the use of alcohol may directly be related to the quality of 
parenting, while in other cases the influence of maternal alcohol use could have been mediated 
by protective relationships with other adults/children. The influence of poor parenting would not 
have been as apparent in the FAS group as their performance, even with detrimental 
environments, would have remained poor. Children with FASD are more likely to live in homes 
with family instability, dysfunction, and foster care, all of which have been known to intensify 
intellectual and social delays amongst children with non FASD (Abkarian, 1992). An early 
diagnosis and a stable nurturing home have been described by researchers as amongst the 
strongest protective factors against the development of secondary disabilities (such as disrupted 
school experiences and trouble with the law) (Streissguth et al., 1994). It seems that while 
maternal socio-economic factors influence infant demographics, when they co-occur with 
prenatal alcohol exposure, they cause devastating deviations to overall childhood development. 
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Given the reported high prevalence rates of alcohol exposed pregnancies in South Africa, studies 
investigating maternal risk factors of having a child with FAS/PFAS confirm that these mothers 
are more likely to be older, live in rural impoverished areas, have lower levels of education, be 
unmarried, have more children, smoke tobacco and suffer from poor nutrition with low body 
mass indices (BMI) (May et al., 2005; May et al., 2008; Urban, et al., 2008). Other findings 
included higher levels of depression and living with a partner with a drinking problem (May et 
al., 2008; Urban et al., et al., 2008; Chetty, 2012).  
 
While the current study confirmed these findings, it did not identify significant associations 
between maternal demographic variables and developmental performance in the FAS/PFAS 
group. A possible reason for this may be that the effect of heavy prenatal alcohol exposure, in the 
FAS/PFAS group, overwhelmed the effect of other maternal demographic variables. 
Alternatively, it may indicate the insufficient variance in the variables of the FAS/PFAS group, 
as well as the size of the sample being too small. 
5.4.3 Pregnancy and lifestyle characteristics.  
While most mothers change their lifestyles and abstain from alcohol following the confirmation 
of their pregnancy, some continue to drink low to moderate amounts throughout (Henderson et 
al., 2007). It is clear from the current study that pregnancy recognition directly influenced 
developmental abilities during early childhood development. Infants from the FAS/PFAS group 
whose mothers confirmed their pregnancy later, performed poorly over language and adaptive 
functioning tasks. Similar, deficits associated with fine motor abilities were described in the 
Control group, amongst infants whose mothers recognised their pregnancies later. At 5 years of 
age, decreased performance over gross and fine motor abilities, adaptive functioning, 
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manipulation and speed abilities were associated with later pregnancy recognition in the 
FAS/PFAS group 
It seems likely that the later a pregnancy was recognised, the longer mothers might have used 
alcohol, influencing early fetal development of critical brain regions (O’Connor et al., 2011). 
While many women reported that they had stopped drinking at their pregnancy recognition, on 
average women in the sample were unaware they were pregnant until 3.7 months of gestation, 
suggesting a longer period of fetal alcohol exposure. Similar findings were described by 
O’Connor et al. (2012) in which they describe pregnancy recognition in their sample at the 9th 
week of gestation, with mothers from a similar community in South Africa, engaging in heavy 
patterns of alcohol consumption (≥3 drinks per occasion). The current study confirms the impact 
of early prenatal alcohol exposure with significant negative associations between units of alcohol 
consumed prior to the recognition of the pregnancy in the PAE group and similar developmental 
deficits over all but the language subscale at 5 years of age.  
 
While every effort was taken in the current study to ensure mothers from the Control group were 
non-drinkers prior to and/or during pregnancy, some may still have consumed low levels of 
alcohol prior to the confirmation of the pregnancy thus influencing the developmental 
performance of the child of interest. Previous research indicates that between 15–50% of 
foetuses are exposed to low levels of alcohol in utero (Ebrahim et al., 1998, Floyd et al., 1999a, 
b). The current study’s findings raise concerns as to the reason for the later recognition of 
pregnancy amongst women in the current sample. While body mass indices (BMI) were not 
included in the current sample, previous studies show that mothers of FAS/PFAS children 
typically have lower BMIs than controls (Khaole et al., 2004; Urban et al., 2008). Researchers 
146 
 
are unsure as to whether these findings are due to heavy drinking or malnutrition, with the two 
very much linked. However, with 29% of the children in the present sample showing signs of 
being underweight (less than 2.5kg at birth), findings from the current study suggest that the 
sample is far from “normal” and cautions  against the generalizability of birth anthropometric 
findings from more normal populations. Typically, underweight babies generally indicate 
underweight mothers (De Onis et al., 1998; Walker et al., 2007). Alternatively, findings may 
confirm high rates of unplanned pregnancies in poorly resourced communities such as those of 
the present samples. While these interpretations are speculative, they provide important 
implications for early preventative care and policy development aimed at women of childbearing 
age, pre-conception. Findings from a recent study report that 1 in 5 women from rural 
communities were at risk of having an alcohol-exposed pregnancy (AEP), by virtue of current 
alcohol use, being fertile, not pregnant and not using effective contraception (Morojele et al., 
2010).  
 
While prenatal nutrition is important, postnatal nutrition emerges as being just as critical for 
increased developmental ability, with the World Health Organisation (WHO) recommending 
exclusive breastfeeding as the preferred method of feeding for the first 6 months of life, unless 
the mother is HIV+ (Anderson et al., 1999; Grantham-McGregor, et al., 1999; Jain et al., 2002; 
World Health Organisation (WHO), 2001). Not only does breastfeeding benefit infant 
development through nutrients in the breast milk, most notably long chain polyunsaturated fatty 
acids, linked to retinal, neurological and cortical functioning in children, but it has also been 
shown to reduce infant morbidity as well as develop closer mother-child relations (Grantham–
McGregor et al., 1999; Dewey et al., 2001; Daniels & Adair, 2005). Evidence suggests a positive 
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relationship between breastfeeding and cognitive ability, with breastfed children, on average, 
scoring higher on general cognitive ability when compared to those formulae fed (Anderson et 
al., 1999; Grantham-McGregor, et al., 1999; Jain et al., 2002; Jacobson et al., 1999). Further 
evidence for the link between breastfeeding and cognitive performance comes from a meta-
analysis of research showing an average increase in cognitive functioning of around 3 points 
after adjusting for covariates in children who were breastfed compared to those who were not 
(Anderson et al., 1999; Beaver et al., 2010; Kramer et al., 2008; Uauy & Peirano, 1999; Uauy & 
Andraca, 1995). Jacobson et al. (1991) similarly describe preterm children who were breastfed 
during infancy showed significantly higher IQ scores at 4 and 11 years of age, using the 
McCarthy Scales of Children’s Abilities and Peabody Picture Vocabulary Test-Revised, 
compared to non-breastfed infants (McGregor et al., 1999; Jacobson et al., 1999; Jain et al., 
2002).  
 
Findings from the current study indicate that the longer mothers breastfed their prenatal alcohol 
exposed infants, the better they performed at 5 years of age over gross motor skills and executive 
functions. Similarly, the longer children in the Control group were breastfed the better their 
performance in terms of language abilities during infancy. Previous studies similarly describe 
positive associations between duration of breastfeeding and developmental ability, with reports 
from developing countries showing small motor improvements with the longer duration of 
exclusive breastfeeding. Larger benefits, including those associated with mental development, 
were reported for babies of low birth weight (Daniels & Adair, 2005; Dewey et al., 2001). 
Another study conducted on healthy, breastfed children report better performance in terms of 
language abilities at 10 to 12 years of age (Tozzi et al., 2012).  
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It remains uncertain as to whether the effect of breastfeeding on cognitive functioning is causal 
or the result of confounding factors including that of maternal education and maternal IQ. While 
maternal IQ was not included in the currents study, it is important to consider it and other 
unexplained variables as explanations for the breastfeeding findings in the present study.  
A number of studies have examined the effects of risk factors responsible for the variance of 
damage in offspring of women reportedly drinking similar amounts of alcohol over similar time 
points during pregnancy. Findings indicate that older mothers who consume alcohol, with higher 
rates of gravidity and parity, show greater likelihood of more severely affected children, when 
compared with women drinking similar patterns and levels (Jacobson et al, 1999; May et al., 
2007, 2008; Urban et al., 2008; Viljoen et al., 2002, 2005). While research describes the 
influence of maternal age, nutritional status, parental intelligence, level of education and general 
home environment on developmental performance, another important aspect to consider is that 
of quantity, frequency and timing of the alcohol exposure (Jacobson & Jacobson, 1999; May et 
al., 2005: Viljoen et al., 2002). Variations in patterns and timing of prenatal alcohol exposure, in 
combination with the above-mentioned variables, may explain disparities in relationships and 
identified developmental domains observed in the current study between groups. While certain 
maternal variables may be related to poor cognitive outcomes for the child, the same maternal 
variables combined with drinking during pregnancy are likely to result in even poorer 
consequences. 
Although comparisons with previous studies are difficult to make due to differences in sampling, 
research designs and measurements used, current findings confirm a negative impact of heavy 
prenatal alcohol exposure and the cumulative effect of socio–economic factors on early 
childhood development. Furthermore, the findings highlight an important controversy, regarding 
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whether deficits are derived from prenatal alcohol exposure rather than from the neglectful 
and/or non-stimulating environment, frequently found amongst heavy drinking mothers or both. 
What is apparent from the current study is that variables are interrelated. Women from 
disadvantaged communities, who consume alcohol, place the health and the developmental 
abilities of their unborn children at risk. By comparing alcohol exposed and non–exposed 
children from the same resource deprived environment, this study attempted to limit the impact 
of socio-demographic variables.  
 
Conservative estimates suggest that 200 million children under 5 years of age in developing 
countries do not reach their full potential (Grantham–McGregor et al., 2007). While the impact 
of poverty and socio-economic status (SES) on early childhood development is known to be 
negative, its impact may be substantially higher when prenatal alcohol exposure is also present. 
When it comes to understanding the full impact that prenatal alcohol exposure has on 
developmental abilities, behavioural and cognitive dysfunctions during childhood, FAS 
represents the ‘tip of the iceberg’. When examining prenatal alcohol exposure, it is important to 
consider relevant covariates distinguished by a host of other risk factors (Neuspiel, 1994; Viljoen 
et al., 2002, 2005). The changing effects associated with prenatal alcohol exposure over time 
described in the current study are consistent with a range of risk factors including, socio-
economic status (SES), ethnic diversity, maternal age, maternal nutrition, timing, and dose of 
early exposure to alcohol, all of which frequently occur together (Bradley & Corwyn, 2002; 
Hamadani & Grantham–McGregor, 2004; Baker–Henningham, Powell, Walker & Grantham–
McGregor, 2003).  
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While findings indicate that FAS/PFAS is often the result of a complex interaction between 
diverse social, political, environmental and genetic risks, they further show that children, 
regardless of prenatal alcohol exposure, develop in relation to their environment and not in 
isolation to it (Bronfenbremmer, 1979; Bronfenbrenner & Ceci, 1994). Worryingly, prenatal 
alcohol exposure seems to be the beginning of an intergenerational pathway to physical, social 
and later mental ill health issues contributing to the development of a perpetual cycle of 
adversity. Findings from the current study have important implications for both the early 
identification of prenatal alcohol exposure and the longitudinal use of the GMDS/ER in research 
practice. 
 
While most research related to prenatal alcohol exposure has focused on developed countries, the 
extent of external variables such as, low socio–economic status, maternal nutrition and other 
factors associated with poverty has necessitated further investigations into the role of prenatal 
alcohol exposure on early childhood development within these poorly resourced communities. 
The following section summarises the major findings of the study and their implications, 
presents the study’s limitations while providing recommendations for future research.  
5.5 Major findings and implications  
In summary, greater developmental deficits were associated with exposure to prenatal alcohol, 
especially in terms of gross motor and language functioning during infancy. Developmental 
deficits described in the current study were evident from as early as 7 months of age, which 
indicates a need for early developmental assessment in at risk populations. At 5 years of age 
sustained delays were evident in the same prenatal alcohol exposed group over sensorimotor, 
cognitive and social adaptive functioning domains at 5 years of age. With age, the effects of low 
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level exposure to prenatal alcohol become more apparent over higher-order cognitive abilities. 
Overall, results support the evidence that heavy prenatal alcohol exposure influences serious and 
continued developmental deficits (Bishop et al., 2007; Kodituwakku et al., 2001; McGee et al., 
2009; Rasmussen et al., 2009; Roebuck et al., 1998; Schonfield et al., 2006; Valenzuela et al., 
2010; Van der Leeden et al., 2001; Whaley et al., 2001). As there is continuing uncertainty 
regarding the effects of moderate levels of alcohol intake in pregnancy, more research related to 
this pattern of drinking is required. This study provided a description of the developmental 
outcomes of children, during their first five years, exposed to varying degrees of alcohol use. 
Higher-order cognitive abilities were negatively affected by mild to moderate levels of alcohol 
exposure, without a confirmed FASD diagnosis. The implications of these findings is that there 
is a need for more accurate documentation of alcohol consumption so that at-risk drinkers are 
identified earlier (ideally, pre-conception) and offered appropriate interventions to reduce 
developmental risk to the developing fetus.  
 
Earlier recognition of pregnancy, in the group heavily exposed to alcohol, was associated with 
better developmental functioning. Arguably, this finding validates the suggestion that early 
exposure to heavy levels of alcohol in utero, even prior to the confirmation of the pregnancy, 
produces as adverse effects on fetal brain development as that of exposure throughout the 
pregnancy (Maier & West, 2001). The prevention of risky drinking during pregnancy could 
significantly reduce adverse perinatal outcomes with implications for affected families and cost 
to healthcare systems. As it is likely that FASD is under-recognised, babies born to women who 
drink alcohol prior to and during pregnancy should be closely monitored in order to, more 
accurately determine the longitudinal effects of prenatal alcohol exposure in these populations. 
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These findings highlight the importance of early detection of a pregnancy and of encouraging 
mothers to change their lifestyles and habits. Pregnant women should continue to be advised that 
there is no known safe amount of fetal alcohol exposure, and questions about alcohol use prior to 
recognition of pregnancy should be included in routine clinical and developmental interviews.  
 
Findings from the current study indicate the impact of maternal variables, such as maternal age, 
marital status, level of education and employment on early childhood development in children 
with varying degrees of prenatal alcohol exposure. Post natal anthropometric measurements may 
offer a protective factor, especially amongst those children without a FAS/PFAS diagnosis, but 
who were exposed to mild-moderate levels of prenatal alcohol. Findings from the current study 
indicate the links between maternal nutrition and intrauterine environment which play an 
important role in protecting against later developmental delays associated with mild to moderate 
levels of prenatal alcohol exposure. These results have practical implications for research. 
Investigators should consider the impact of socio-economic status differences when designing 
studies investigating early developmental abilities of children. While the sample size was small, 
findings from the current study show associations between poverty and poor performance in 
terms of fine motor ability, language and higher order cognitive abilities. Fewer socio-
demographic factors influenced the developmental performance of infants in the FASD group, 
with maternal education and employment associated with decreased eye hand coordination and 
language abilities amongst the PAE group. Parity, usually associated with poverty and the lack of 
stimulation, was found to be associated with poorer language and higher order cognitive abilities 
amongst the Controls.  
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Another distinctive finding was the conspicuous lack of significant relationship between 
subscales of the infant and child versions of the GMDS/ER over time. This suggests that the 
scales used to assess development between sample groups in infancy may well be measuring 
different constructs to those at age 5. By implication, this makes it difficult to draw longitudinal 
conclusions regarding the development of groups using both versions of the GMDS/ER. Global 
measures of development such as those identified by the GMDS/ER, may not be sensitive 
enough to detect subtle or specific effects of prenatal alcohol exposure, especially during 
infancy. Future research should make use of measures that assess specific aspects of infant 
development, which may be better able to predict later outcomes and prove more useful in 
detecting the impact of alcohol on brain development. Thus, in light of the paucity of research 
that has examined the impact of prenatal alcohol exposure the current findings suggest important 
outcomes relating to the assessment of children with varying degrees of prenatal alcohol 
exposure, using both versions of the GMDS/ER over time.  
5.6 Limitations  
While the limitations of the study are typical of longitudinal studies and not unique to the study, 
a description of them is warranted. Caution is needed when extending these study findings to 
other populations, as the current study drew on participants from a distinctive, low socio-
economic environment where alcohol consumption was high and known FASD rates. Although 
larger than similar comparative studies, the sample sizes provide limited power to detect 
differences between groups making it difficult to detect discrepancies amongst developmental 
abilities during infancy and early childhood. Replication of this study with larger samples and 
greater access to maternal information, such as maternal IQ levels, BMI and timing of alcohol 
exposure, would allow for more sophisticated statistical analyses, such as regression analyses. 
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Unequal group sizes, based on prenatal alcohol exposure, may have further influenced results. 
Sample attrition and missing data was anticipated in the longitudinal study with, geographical 
mobility, poor infant and maternal health and general low socio–economic conditions being 
some of the reasons for the decreased sample. The loss to follow-up in the current study, 
common in similar high risk, poorly resourced communities, highlights difficulties in retaining 
such individuals in longitudinal studies (Larrson, Bohlin & Tunnel, 1985). Although group sizes 
were similar and large enough to explore the psychometric properties of the GMDS/ER, the 
unknown influence of unequal distribution represents a possible limitation to this study. These 
limitations were compensated for by the choice of statistical techniques and the collapsing of the 
study groups for analyses. Another possible explanation for the findings may refer to these 
statistical analyses used. Since deviations from normality were slight, either parametric or 
nonparametric analyses were appropriate. Deviations in normality may have been influenced by 
the presence of legitimate outliers, subsequently retained for analyses. While parametric tests are 
considered more robust and yield greater statistical power, they prove less sensitive to outliers 
(Field, 2009). Thus, due to the violations of normality and the inclusion of outliers, 
nonparametric analyses were used; ensuring that the results could be interpreted with a degree of 
conviction.  
 
A further limitation relates to the use of the GMDS/ER tool, shown to measure broad abilities in 
completing a given task, but being unable to allow detailed analyses of more specific delays, 
especially during infancy (Adnams et al., 2001, Cockcroft et al., 2008). Although both versions 
of the GMDS/ER have been used extensively in research, direct comparisons between them may 
be prone to misinterpretation, due to differences in means and standard deviations (Griffiths, 
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1954; Huntley, 1996; Luiz et al., 2004; Ivens & Martin, 2002). It was hoped that by using 
converted z-scores for both the infants and children data, potential interpretation errors would be 
overcome. Individually, the psychometric properties of both the Infant Version and the Revised 
Child version of the GMDS/ER suggest high reliability and good validity, but broader 
correlational studies are required between versions of the GMDS/ER. Item content during 
infancy concentrates on motor abilities and social interaction, while at 5 years of age it 
emphasizes visual perception, spatial relations, memory and executive functions which may 
account for variations in scores between infant and early childhood assessments and the absence 
of significant correlations between subscales over time (Luiz et al., 2004). Thus, the findings 
reported in this study may reflect the outcome measures of versions of the GMDS/ER rather than 
differences according to age. The current study’s findings regarding poor correlations between 
subscales of the versions of the GMDS/ER may suggest its use as a longitudinal measure of 
development is less sensitive as it may be tapping differing constructs over time.  
Another explanation for the variability in findings across age groups may stem from the general 
decline in development that occurs over time among children of low socioeconomic status, 
regardless of prenatal alcohol exposure (Kaplan–Estrin et al., 1999; Laughton et al 2010). 
Findings from the current study similarly propose that while scores in the first year of life may 
be over-estimated by the GMDS. With age, subscales become more discerning of developmental 
delay between alcohol exposed groups, with the exception of the language subscale of the 
GMDS/ER, which proves less discerning of prenatal alcohol exposure at 5 years of age. While a 
useful general indicator of developmental delay, the GMDS/ER may not be the most appropriate 
test when assessing longitudinal developmental delay, especially in children from low socio-
economic backgrounds with prenatal alcohol exposure.  
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Another limitation may lie in the accuracy of the estimates of prenatal alcohol exposure, which 
prove essential within the context of early childhood development. The retrospective approach to 
gathering information regarding the method and timing of questions and exact amounts of 
alcohol consumed by mothers may well represent a loss in accurate information. Furthermore, 
large variations in alcohol intake make accurate maternal recall difficult, with underreporting 
likely amongst the PAE group. While reliance on maternal self-reports of alcohol use may have 
distorted the acquired data due to social desirability in responding, lapse of time or limited ability 
to recall specific units of alcohol consumed, such self-reports commonly used are considered 
reliable and valid (Poikolainen, Leppanen & Vuori, 2002; Viljoen et al., 2002). Furthermore, the 
use of varying units of alcohol and categories associated with maternal drinking make comparing 
findings between studies difficult. Future research should aim at developing a common set of 
categories of alcohol use, making findings over all fields of prenatal alcohol exposure, more 
comparable. It is important to consider the levels of alcohol consumption on the potential impact 
on developmental ability. Current findings highlight the importance of evaluating the effects of 
timing and pattern of prenatal alcohol exposure prior to the recognition and throughout the 
pregnancy, with timing of alcohol exposure directly related to the issue of dosing. Additional 
data is needed to determine whether drinking earlier versus later during pregnancy has a greater 
impact on early developmental outcomes. Researchers suggest that continuous heavy drinking 
throughout pregnancy is associated with lower infant scores using the Brazelton Neonatal 
Behavioral Assessment Scale , whereas infants whose mothers drink heavily early in pregnancy 
but who stop do not exhibit the same deficits (Coles et al., 1987). While, important teratogenic 
consequences have been indicated by the pattern of alcohol consumption, causes of these 
susceptibilities in the current study were not elucidated, with previous studies attributing 
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influences to genetic predisposition, nutritional inadequacy and variation in the vulnerability of 
different brain regions (Abel & Hannigan, 1995; Elliot & Bower, 2004; Maier & West, 2001a,b).  
 
In using the IOM (1996) proposed terminology, many of the children in the current sample 
would have been diagnosed as having Alcohol Related Neurodevelopmental Disorder (ARND). 
It is this group which poses the greatest diagnostic challenges and concern to communities, with 
the absence of FAS/PFAS facial features and presentation of developmental delays. While this 
study aimed at including a group of children with some prenatal alcohol exposure (PAE) it must 
be noted that not all children from the PAE group presented with either a small head 
circumference or evidence of a complex pattern of behavioural or cognitive abnormalities, 
diagnostic criteria required for an ARND diagnosis, as described in section 2.3. Future 
developmental studies directed towards to the impact of mild to moderate levels of prenatal 
alcohol exposure, without classic FASD features.  
 
Finally, confident comparisons between the current study and other research are complicated by 
different measurements of assessment used, varied sample sizes, age of participants, alcohol 
exposure levels and differences in methodologies used (Mattson et al., 2011).  
Despite these limitations, certain tentative conclusions can be drawn from the present study with 
regard to the impact of socio-environmental factors, present in the community, which appear to 
contribute to the nature and extend of developmental delay, regardless of prenatal alcohol 
exposure.  
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5.7 Conclusions  
In light of the above findings, implications and limitations, the present study has confirmed 
evidence that heavy prenatal alcohol exposure is detrimental to early gross motor and language 
abilities with evidence of later deficits associated with higher-order cognitive abilities. With age, 
children exposed to moderate levels of prenatal alcohol exposure, but with no physical features 
of FASD, present with higher-order cognitive delays, confounding the detection of early 
developmental deficits. This study emphasises the need for improved, timely detection and 
management of alcohol exposure during early pregnancy, often even prior to the recognition of 
the pregnancy, influencing the effectiveness of early intervention in minimising later 
developmental deficits. The study contributes important information regarding the longitudinal 
associations between developmental constructs measured between versions of the GMDS/ER. 
While each version provides a reliable and valid indication of childhood development, 
longitudinal correlations between versions prove less accurate and warrant further investigation, 
in both well-resourced and under resourced communities. 
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Figure 27. Histogram of Eye-Hand Coordination subscale at Time 2 
 
 
257 
 
 
Figure 28. Histogram of Performance subscale at Time 2 
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Figure 31. Histogram of Locomotor subscale at Time 2  
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Figure 33. Histogram of Language subscale at Time 2 
 
Figure 34. Histogram of Eye-Hand Coordination subscale at Time 2 
 
 
261 
 
 
Figure 35. Histogram of Performance subscale at Time 2 
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Figure 37. Histogram of General Quotient at Time 2 
 
  
263 
 
APPENDIX I: Histogram Distributions for GMDS/ER Version Subscales at 5 years 
(TIME 2) for Control Group 
 
Figure 38. Histogram of Locomotor subscale at Time 2  
 
Figure 39. Histogram of Personal-Social subscale at Time 2 
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Figure 40. Histogram of Language subscale at Time 2 
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Figure 42. Histogram of Performance subscale at Time 2 
 
Figure 43. Histogram of Practical Reasoning subscale at Time 2 
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Figure 44. Histogram of General Quotient at Time 2 
